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HrWT^HAPJUC DIR£CTORATB 

nuval headouarttrs 
Kaaachi 



D.O.No. HD/pl02»2>» 13 October, 1970 

Fromt- Captetn S.R. Islao, P.N. 
Dlrector of Hydrography. 



Dear Slr, 

Reference jeur letter dated 34-6-1970 and Muftl 
Rashld Ahmad«s lettar dated 7-10-1970. 

The Nautical Alnanac ls a standard publicatlon 
of the Royal Navy and lts contenta are extensively used 
for the computatlon of the rislng and settlng phenomena 
of th^ heavenly bodlcs and other astronoclcal lnformatlon 
raalnly connected wlth navlgatlon. The accuracy of tables 
ln tht* nautlcal almanac roeets those r^/.lreinents and Is 
considered sufflciciit to cover the problems indlcated by you 
From the nautical alir.anac of 1970 the times of sunrlse and 
twtlirht have beon calcuLnted to compare your computationa . 
The results are as unden- 



Place Date Stated tlme of Caloulated tlme 

Gotb Faklr C^* belc * horlzon , • 

(Lat.25' 46'N 11.6.70 04 hrs . 19 nln. 04 hrs. 20 mln. 
Long.68 40 E) (Zone + 5 taours) (Zdne .♦ 5 hours) 

Korachl 

(Lat.24* 52.5,'N 33.6.70 04 hrs. 30 min. 04 hrs. 29* min. 
Long.67° 2.5 E) 20# e> #70 06 hrs. 17 min. 05 hrs . 18 mln. 

• 80« 12*70 06 bx* m 2)3 min. 06 hrs . 02 mln, 

2. The calculated time aa giVen above is based upon 

the rollowlng data given ln the Nautical Almanac (Page 258) 
and Admlralty Manual of Navlgatlon Vol. II (Page 137) i- 

ROTRACT from Hautlcal.Alaan&c 1970 (Page 2581 

Basls of the tabulations. At sunrlse and sunset 
16" Is allowed for semi-diameter and 34' for borlzontal 
refractlon. so that the tlmes glven the Sun'3 upper llmb.ls 
on the vlstble horlzon; all tlmes reTer to phenomena as 3een 
from sea lev#l wlth a clear horlzon. 

jL> 



At the tlmes glven for the beginnlng and end of 
twHlght, the Sun'3 zenlth dlstance is 96° for clvll t and 
10£> for nautlcal tyllight. The degree of iilumlnattan 
at tbe times glven for clvil twlllght (In good condltions 
and in the absence of other HLumlnation) Is such that tt 
brlghtest stars are vlslble and the horiron ls clearly 
defined. At the tlmes glven for nautlcal tvllight the 
horizon is ln general not vlslble, and it is too dark for 
observation. 

Tlmes correspondlng to.other depresslons of the 
Sun may be obtalned by Interpolatlon or, for depreaslons 
of more than 12^ less rellably, by eitrapolatlon; tlmes 
so obtalned wlll be subject to conslderable uncertalnty 
rear extreme condltl-om. 

'RACT_grom Admiralty Manual of Nayjgatjon Vol.II, 
Paee 137*. 



Astronomlcal tvlllght. Thls is sald to erei or 
begln vhen the Sun"s centre is 18° below the horlzon f at 
which moment absolute darkness ls assumed to begln or end 
io far as the Sun ls concerned. 

3. The tlmes o f O^CT or <^>' f >f? and 
other requlreaents can be obtalned from the above stated 
arguments accordlng to the deflnltions of the tenna. 

4. A comparlson of the tlmes glveni by you for 22nd 
September and 22nd December. 1970 indicates that they 
relate to Astronoolcal tylllght (mornlng) when the sun is 
lB°'below the horiaon. For 22nd June 1970 the time glven 
Is a llttle earller. 

5. The chart of ttme supplled by you has also b*en 

compared and the times given for "o>i*>f* as weLL as 

sunriae generaLly taLLy vith other tlmes caLcuLated from 
tbe Nautlcal Almanac for Astronomlcal twlLlght anl sunrise 
respectlvely. 

Yours Slncerely 




(S.R. ISLAM) 

CAPTAIH PAKTSTAN NAVY 
Molana Rhtlshamul Haq Thanvl, 
56, Jacob Lines, 

lUUtti 

Copy toi- >luftl Rashld Ahniad 

Daruliftae w&l Tr^ at 

Na^lmabad, 

Karachl . 



\r 



<3^& 



PAKISTAN MKTEOROLOGTCAL DBPAHTMENT 
Offlce of the Deputy Dlrector, Cllmatology,Hydrometeorology 

Oceanography, Unlversity Road, Karachl. 



Karachi, 
No. Cl-ll(7) /68 dated the l8th September, 1970. 

To 

Maulana Ehtishamul Haq Thanvi f 

56, Jacob Lines, 

Karachl , 

Dear Slr, 

Kindly refer to your letter dated the 2lst June f 1970. 
Repllea to the querles at the end of page 4 ©f the report 
received alongwlth your letter, are glven below serlatrlmi 

1. We have no comments to offer. 

2. The tlme for the beglnlng of morlng astronomlcal twi- 

llght for I2th June 13 4h ll m . The boginlng of mornlng 
estronomical twillght is taken to be the tlir.e when the 
Sun ls 18° below horison, We have no comments to offer 
on the tltnlngs In the different charts glven, the tlnu 
ings of Sub-he-Sadlq for Karachl. 

3. When the Sun ls 18° below horlzon, all llght from the 
sun Is cut off . 

4. This Department has not undertaken any work on the 
determlnation of the timlngs of Sub-he-Sadiq accordlng 
to the deflnltion glven ln the 'note' at the end of 

•age 4 of the Report enclosed wlth your letter. These 
lmlngs can, ho*ever, be calculated for any l.ocatlon 
lf the phenomena Sub-he-Sadiq ls preclsely deflned with 
respect to the posltlon of the Sun below horizon. With 
out thls the caiculatlon of the tlmlngs will not be 
posslble and as you have yourself notlced, wlll be flub- 
ject to the personal error of the observer. 



r 



Delay ln the reoly to your letter ls deeply regretted. 

Yours falthfully, 

"( r.lT. SIDDiqpi ) /8/9/70 
tor DIRECT6R ' 



• •• 



"o.C1-11(17)/68/l667 
PAJISTAN UETEOBOLOGICAL DKPAJTWENT 
OF?KE Or fU DEPUTY DIAECTOB 

CLDUTOLOGY HYDiOMlTtOaOLOOY & 
OCIANOGBAPHY 



fr»at- H. A. (iureshi, 

Deputy Director* 

Te :- Uufti Baahld Aamod, 

Aaruliftae wal Irshad 
Naiinabad IV 
Iarachi-l8, 



Karachl» the 21et October, 1970* 

Dear Sir» 

Befereace your letter dated 2.10.1970. 

2* The replies to your queriee are aa foilova eerlatua:- 

(1) Tho aun ia approxlaately 18 degrees balow the horlion 
at tha tlaoa giTen on tha datas epeclfied. 



IA — J)l*£? 



tytii&iti^i \IY e^i-sJ 



(2) When tbe sun ia 18 d«grecs below the horiaon al 1 light 
from the sun ifl cut off . 

(3) The times, correct to the nearest helf «in. t caiculated 
for neteorological Obiervatory at Karachi Alrport (coor- 
dinates 24-°54 H * 67°08 ( E) when the sun is 15° below 

the horizon on the dat*** apccified are as follow.s; 

22.6.1970 : 04 hrs 29ft mito.W.P.S.T. 
22.9.1970 : 05 hra 17 " " " " 
22.12.1970: 06 hrs W ■ " » » 



Kindly acknowledge receipt. 

Yours faithfully, 




( N. A. QUHE5H 
Deputy Dlrector 
Phone : ^15^9 
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Pcayer Sche-lule coaputation 

C "R0GTA.1 TO CCIPJTE tSLAJMC P&ATE* SCHJEUL*S AND QISL1 CHART5 
C 

ccccccccccccccccccccccccccccccccc 
c 

C I8TTTEH BT 
C 

C S. M"AL ACCALl 

C AATHEWATICAL SCIE1CES OEFAFTfiES"T 

C TrNSSTLAER PCLTTECHHIC INSTITUIE 

C TROT, *EV TORIC 12181, U<A 

C 

ccccccrccccccccccccccccccccccccccc 
c 

C INPUT LATA SHOULC R£ PROV:0ED ON LCCICAI U¥IT S. 

c th* proc.raji sTcrc upon encoontehiic ii»i ehd-op-pile cn umit 5. 

C POR EACil SCHEDOLT DE5I r ED, THE IWPUT SIIOULD INCLUDE THSEE CARDS 

C WITH IH P . "OLLONIN'; DATA LATCUT: 

C 

C CARD 1: 

C COL. 1 - 29: 1AM 0F PUCi. II 15 PEPPOCUCED ON THE SCIIEOULE. 

C 

C CAPD 2: 

C COL. 1 - >*: DEGBEES TK LATITUCE C* PLACt. 

C COL. 5 - 1: HIMU7ES III LATITUCI CF PLACE. 

C COL. - 12: DECRiES I* LO!JC:TUD£ Cf PLACT.. 

C COL. 13 - 16: .1TMUT»S (K LCNGITUDE CP PLACE. 

C COL. 17 - 20: DEGBEES I» LONGI1UCE CF STANDARD TI.1E. 

C COL. 21 - 2Q: HINUTSS 1 .1 LCKCIIUDE CF iTANDARD TIJIE. 

C 

C fN T E : IP A LATITUDE CD LCHCITUEE IS KEGAT1VE, CNLT ITS 

C DEGrEES PART SIIOULD EI FF F .CEI)ED 3T h HINUS SIGN. ) 

C 

C citD 3: 

C COL. 1 - l| TEA3 A.D. (CB, FCf "PERPETUAL" SCHEDOLE). 

C COL. 5 - 8: 1, IP DATLIGHl SMIIG lint ADJUSTHEMT kCOUlRED, 

C 0, 01HfRSI.SE. 

C (« T E : THIS A0JUST1ENT IS DCNE ET ALDINC CHE IIOUR TO ALL 

C TIBES r BCE THE LAST SOKDAT I» APRIL TC THE LASI 

C S3IIDAT TM rtCTOBEB. PO* PHRPETUAL JCHE5ULES, ALL 

C TIH^S T¥ TRE F£IICO PBC1 APSIL TC CCTODtR, 

C T«CL0SXYE ff ARE ADTANCIC D f CNE !IOUR.> 

C COL. 1 - 12: 0R1 TCR PSATER SCHECULES, 

C 2 POJt QIPLA INCICATOB CHAPT, 

C 1 fOR BCIH PBATIR SCHICOLE IN!1 3iCLA CUAHT. 

C COL. 13 - 1b: 1 If 'ASR TlflE 15 TO EE COHPUTE^ ACCOKDING TO 

C HA1A'l r igH. (SHADOW BATIO » 2), 



WK 



jtfbtfel 



Pr«yer sch«J u i* Z Jif y t >t i">" 

C J If 'ASP TI1S 15 10 EE C01PUTEJ ACCCCDIWG T*J 

C THC OTHEi riCHS. (SHACOW «UTIO « 1). 

C 

c (i o t r. ; i:r. ^ata. 01 c.\^ds 2 asc 3 ahj all iittceh, thet 

C SHCJLD il PIuTT-JUSTIMED JN IHEIIl nESPECTIT! riELOS.) 

c 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

c 

C TBI PBOGRA1 OOT?'JT 15 01 LOGICAL URlT 6. 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

c 

IHTECER !lOUR r Y p .AR # 3EGDST # PIMDST 

SEAL LAT,LO!.'G,LSTnil 

CMESSIO* TI-.EJ (6) ,CQALT (6) 

LCGtCAL«1 "10.1(0,10,3 1) 

CI121SION *nn<lTll(12) # TXn (366,8) 

CIIACI /1ATH/PI 

CnilC /A3T°/03L,0.1A10jn # D1IOMG # AHO.lO f SnLHGO # Cl # C2 # DELSID r SIDTnO 

C0.1*C1/PC£N/LAr,LATD # LATK # LCBO. LC IGC # lCBCn # L5TDH 

coiioi /^nrn*;/ W0TE1 

DinENSIO'1 hAIEp) 

CATA .IDISTH/31,28, 11 # 30 # 11*30,31, 11, 30 # 11 # 30,11/ 

PADIA1 (X) =x»r»:/no 

rEGarE(rDSr;,.1TNUTT5) = ISIGl(.1I!(UTI # ICEG,/60. 0»IDEG 
1 REAO i r j f S,2NO = C00» NA*,E,LATD # LATn,L01CD # L0MGn # LSTD # LSTn # TEAD # 

1 T^ST # :SiJ # I.\SR 
5 F0BrATpAtt/l,IU/4I<M 
C T05 TEAR INDICAirS TnAT A PEflPlTUAl SCMEDOLl IS CESIRED. U5 E 1962 

HTEAR=TEA? 

I»(TEAR-EO-^) 1TEAB-1*»«2 
C 'AS!t SHADOW RATIO IS 2 FOP HANAH PICH, 1 fOB OTIICHS 

TASR-1.0 

XF (IASR-SE.O) TASR-2- 

CALL COHSr(NTEAR) 

LAT^RADIAi rCE^RSC (LATO # LATTJ ) 

LCnr. -?K DI A1 (D*G1ĔE (LCWGD,LCRCB) ) 
• LSTDH-DECRE»(L3TD # LSTfl)/15.0 
C fl*0 3TMJJI1'-. ARO eiDIRC DATS ICt tATLICUT SA1HC Tlli 
CALL DATLITtTEAB.LS^P, ID5T # flEGDSl # riiDSl) 
MD1NTH (2) -2C»L!AP 
DIP*C"OIBLA(0) 

c APPRoriiATP Tiirs of pa ib # shurdq # asr # haghiir # isha 
Ti.n»C(tT*6.o 

TIHC0(2)-7. 00 

TTHrO(tt)-lU.5 

Tinr.ct*) -16.50 

TJ.1E0<6)«11.0 
C COAITITUDES Of SO- AT f AJ1 # SM0R0C, -ACH1IB # ISH 1 

COAL7(l)-RAniAU(10S.O) 

™Al?(2)-n*DIA:i(90.33) 

COALT(5)«COAlT(2) 

COALT(6) 6C0ALT(1) 
C OET APPnOIIHATE TI3IE3 FCI fIEST DAI Cf IEA». 
C LATE* 0«, EACH DAT»S TIHES A8E 03ED AS APPROIIHATE TIBES fOl 1EIT DAT 

CALL 1O0«(1 # T # C0ALTRI) 

COAL7(tt)-ATA1 |TAS1»7A1 (COALTI)) 

00 6 ,T»1 # 6 

T' (J.EO- 3) GC TC 6 

T-T:iE(1 # COAlT(J) # TinB0(J)) 
TT1EC(J)-T 

C If TIHC HDETEPimBLE, APPROI. TIHIO (J)- 1,2 # 21 „ 22 # 23 roi J-1,2,6,5,6 
If (T.GE.24.0) TIHEO (J)- (J-1)/1«17*J 
6 COS7IW0E 

c cojput: tih»s poi th-; iholp tiii 

*DAT3-3G$»LEAP 
C SC*PD3LE 1AKHC. SKIP If CILT CIELI IICICATOl CHART CISIRED 

If (TSO.BO. 2) r t0 ro \ 2 
■?0 1C0 TO.IDATS 



110 *Vb&j\ 



Priv»r Sebsdula Caiputation 

«•)■ PERPETUAL CALEBOAR, fEBRUABT 29 ANC PABCH 1 NAVE 5A.1t TIHEJ 

R-I 

IF CJ.5T.60 .*Sf). T^AR .50.0) K-I-l 

CALt IOOH (K,TI1(X, 3) .COAIT1) 

COAL1 (<*J -ATAN |1ASR»?AI (CCALTI) ) 

DO 10 J-1,6 

rr (J.so. 3) gc tc io 

T-TI.1E(K,C0AIT(J) # TI! , FO(J)J 
TI1(I,J) -T 
TIHEO(J)-T 
C I» TIHB I«n"!TEP1INADlf , APfROX. TI 1 FC ( J) = 1 , 2 , 21 , 22 , 2 3 rOR J-1,2,«,S,6 

ir (T.GE.21-0) TIIEO(J) • (J-1)/J«17»J 

10 cobtibb* 
ioo coiTiitrc 

C--COPtRFCT rOR CATLIGHT S*VJVfl TIH! 
tf (f HDST.BQ.0) CO TO 120 
PO 110 T«BECDST ff FIJn5T 
DO 110 J- 1,6 

iio Tiiut ff j)-Ti"iir/j)*i.o 

C SCHEDnil COHPOtED. 10« PBJIT IT OUT 
120 «0AT50-1 

DO 300 1-1. • 
C TF ASTEBISK PRIHTED (I.1PCSSTDLE TIH!), WCT Z 1 klLL B! 1C«Z£RO 

«0*9 1*0 

CALL tmE(H#IASC,T»AB,IC37 # 0r«IC] 

DO 23)S 1-1. y 
ir>-«DiHTH (2*H-3M] 
IDATS1-HDBTS0-1MD 
DO 220 L-BDATS0, IDATS1 
DO 210 J-1,6 
C TIHF CCRT»1SIO« TO ft.ll. AHD P. Fl. HC0I5 AIO ICUSDm 1I*0TE5 

T«7Ifl(L # J) 

BO0R-T 

«IHOT-60.0«fT-I11(T) ) »0.5 

TP (BI9OT.Ll.60l GO TO 20« 

niBOT-O 

HOOI-HOOI»! 

209 Tr (HOUR.Gl. 12) HOOJI-HCOI- 12 

210 CILL HRriI«(HO'JK.f1I»0T.1O«(1 ff e»!1-fi»J,LO-IDATS0)> 
220 CO«TTIUf 

«DATS0-«DATSlO 

IF (ID.RO-31) CO Trt 235 

SDl-IDM 

90 230 L«BD1,31 

DO 230 J-1,6 
C BLiBK OOT TI1E C1 irr-EIISTF«I tlTIS 
230 CALL RlflIS<- \ 0, |'JH (1 # S«F-6»J # 4)) 
215 COITIBOE 

■ IITI (6.2*0) |L # |(»UB(I # J,L) ,K-1 # 6) ,4-1.6) ,L, ( (lOH (I, J. L) . 

1 1-1,6) # J-7,12) # L # ((90n(IC # J,L),B«1 # 6),J-13,1B) ,L«1,il) 
2*0 FflinAT(Of«I,X2,1I ff 1 2A 1 # II, 2U 1) ) ) 

ir (ioTFi.ro. 0) ac tc ioo 

VBITI (6,215) 
2«3 fOiiAT(2(li/j,3)t,'» TI«f ICT CCHIOTADLl. 01 THIS D*TE AT # # 

1 • TMIS LOCATIOS, THI S01 D0I3 «OT • / 361 , • AT Tl 1 1 TNI •, 

2 •PcSITICB CO«»t«TlC«AlLT OSID TC C!!I«E iniS PBATIR TIBF. • ) 
300 COITINOC 

C OTBLI IIDTCATOI CHART 1AKIBG. SKIP ir OIIT SCHBDOLE DISIJBD 
320 ir (ISO.LE. 1) GO TO 1 
DO «00 I-1.HDATS 
C FOI PtlPBTUAl giDLA CBAIT, PEtJiUA.l 29 AIC HAFCH 1 HATI 5AHI TIBE5 
I-I 

Tf (I.GT-60 .A«D. T*AB .EQ.O) «-1-1 
DO 350 J-1.8 

TIH(I f J).TSfl«C(K # DIIEC-PI/«*.0»(J-1)) 
150 CO«TI«0E 

«00 coiti«or 
C0H1ICT rOP CATtlGBT SBTIIG TI1E 

Tr (ri10ST.FQ.O) CO TO «ob 



Pr«T«r Schidul* cosputatton 
DO uOS T*M6BST f »T*nST 

C 0IfL»°CHlIT COiPlllEO. KOH PII*1 El 001 
«?>AT SO-1 
DO 500" 1-1,6 
CALL TITLE2lH,»AnE,TlAI,IC5T,DI»K) 

DO «3S 1-1*2 
*D-1D1«TH (2*11-2 O) 
«DATSl-MDAtlO-I^ID 
00 »20 L-MIATSO^IOATSI 

DO «10 J • 1 * B 
T-TXR(L,J) 

nO0I«T 

IIiaT-60.0» (T-I»T <T|)*0.5 

IP <nl«0T.LT.«0) CO TO «01 

HIWOT-O 

•09 CALL"«»1IMHOat # 1I«T # «tli(1,e»»-eO f L»1-lDATSOy) 

•10 CO»TI«U* 

•20 COITII0E 

«DATS0-ITDJlTSn»1 

I» (iiD.eo.3i) ao TO «35 

■ C1-IDH 
00 «30 LMD1.J1 
DO 430 J-1,8 
C •H»» OUT TIHR Cl »Cff-^lXSTE«t DATIS 

•30 CALL H«HI»(-1,0,1UH<1.8*S-8*J.L)) 
•3S COITIIUE 

• ffXTI(6,»«0) (L, <<101(ff,J # L),IC-1,6) ,J"1,ff> ,L.(<»U1(K,J,L), 

I 1-1,6) # J-«.16> ,L-1,11) 

••0 ro»F1AT< (18, n < 11, 6A1),I1,* (11,6*1))) 

«.00 COITIIU* 

OO TO 1 
600 IIITI(6,610) 
610 fO»«AT<' 1') 

5T0P 

•KD 
C 
C 

SOBIOUTIII HR1Iff(HOOR # nX«0T # nn) 

c nan sTirnG ihhmh n nn mch hcu* a»c pii 

C XF HOU* TOO LAIGE (I1POSSIBL* TI1I) , EAK». S1UIG A« AST8BISK 

C 111!) 1AKS I0TS1 SO*-zr.*C TC iBHK TIIS SITOATIOH 

c ir noot is iegititkio sacn ditij , thii haki steiig blakk 

tlf?GEI HOOft 

S£«« m 

60 5 1*1.6 
5 H4(I)*BLA«K 

T* (BOO»,LT.O) lETOtl 

»H<*)*STA» 

K-noo» 

IF (K.LE. 360) CO TO 7 

•OTT1-1 

ItTOtl 
T L-K/100 

II (L.IE.O) H1(1)»0TO(L»1) 
1**00(1,106) 

IWJSM«t1|imSt/t4«1| 

■JlHjjwaiioBnitw.iai»!! 

I»D 



l«tf 4i»"jtfei 



Tdycc ScJitlul* fc»rjtiK-ni 

CHPUTE H1C O* 1C0N 15 7?:VC0X, SUN*S CCALTlTUft* I» CCAI.T < 
ro* 3** '10- SDAT 0F YSA^ 
• C*iL L.\T f L^i^,LQC»T„LCir.H, LSTSH 
C01WI /1\7H/?I 

roilOY /ASn/ODL, CHA)ICfl f DHLCKG, ANCHO, SHLN*JO f C1 f C2,Dr,LSI0,SIDTlia 
CO.110N/r0SN/l,\T.LAT3,LAT", 11*Q, LC iO t L0«G,1 .LSTDM 
C S1L0MG t JUN'S 1£\N LU-ICITMOE, SLCMG-- S'I1«S TRUI L01GITUDE 
C LOC1T ■- LOCAL 1EA1 Tt.lS OT 10U1 

l.:ng;i*lonc«i2./pi 
dat5-«dat* ( 12. 0'10'toh) /2 4. 

ANO1Lr«A10l0*0»A»C1»n,\TS 
S1L1C-51LHr.fUD1LC!ir.»5AT5 

SL0»r.»SnL1G*-Cl»SI1C\lO , 'LT) *C2«SIH (AHC1Ll # 2) 
RA-AIAM2 (COS (OOL) •STBCSLCir.) .CCS (SLCRG) ) •! 2,/PI 

XT*|ftJL.LT*0.) »A*RA» 2*4.0 

nTCL»ARSrve:rHfOBL) •SII(SLONC)) 

LrcnT"^\-^*Lsi9*nATS-siDT.in 

T *10C *f» L OC T • LO M G H- L ST D II 

IF |THOoi.LT.O.) T?*OCH»TMCr»l*2a.O 

u (Tiinni.c?.**.*)) T*noci«TnMOON-2«.a 

COALTM-A9S ( _»»T- DECL> 

ISTOKtl 

f*D 

C 
C 

*a;IClt01 TIH»|MDAT,r:;AI? f ?I8E0) 
C RrTU?.1S TI1B 01 DAT 10* WDAT QR TEAP MHM SUN '3 COALTITUOE IS COALT 
C I* 10 SUCH TIIE. TltTM T»T3R1S A LARCF M'J-D!R. 
C THE> IS AP?H0II1ATH TI1E 0» PHlNCfE*C-| 

R»AL LAT f LON-; f LCrnT,LC!IGH.LST0H 

COIIIH /.1ATH/ ?! 

COi*.0S /AS*V09l, D.HN31, 01LCV"., ANCR0,SrtL.1GC,C1, C2 , D EL5 10, S IDT.lO 

CO11CM/rO5*/LAT.LAT0,LAT1,L0Nr., LC NGD , LC 1G1 f L3T OH 
C SU.« ■ SU1«S ItAM LONCITO^E AT TI!1!0, SLCN'; • TNUE LOHGITUDC 
C m ■ SUN'5 niGHT ASCENSIOI, 3IIGCL • SIV(SUN'J DECLIUTLOM) 
C HA - SUM'S UOJR ANGLE WK57 
C L0C*T * LCCAL 1EA1 THB OT PHEMr-E iCf 

ff!IC«t.OVl 

LCNSH-*LOHG-12,/rM 
TATS^IOAT» (TT"^0»LCNGH)/2M.O 
^HOnLT = AlO-0»ClA1Ol*CAVr. 
SiLSG^SrUISO^niLOIG^CATS 

SL0ir.»SrtLNG«C1«3H(*KClLT) » C 2 • 5 1 91 (AMC1LT-2) 
RA-ATA1? (COSCOntl •SIH(SLCIC) . COS (S I Q*1) ) • 1 2. O/PT 
IF (HA.LT.3.) 1A-*A»2*.0 
StlDCL-SIICO^L) «SHCSLWi) 

COSMA» (COSiCOALTj-SINnCL^SlN |LAT)|/|SSIf ( I.n-SI MDCL»« J| •COS (LATJ) 
C TF C"S(riAl>l f THfN 7I1E CA110T Pf EVALUA1ED 
TT (A*»S[COSH\) .CT.1.0) RETURN 

H**ARC05(cr>snA) • 12.3/pi 

ir (TI1 P 0.LT. 12-0) HA-2U.0-HA 

I^CIT-HA^RA-DELSID^DATS-SriTlO 

Tinr^LOCIT^LONGH-LSTDH 

r» ITI1MT.0.I TT1S-TI1tt2«i.O 

IT (TI*E. CT.24.0) ?I 1E-THE-2M. 

<FTUR1 

I1D 

r 

r 

SlWinutllE TrTLf(» f 1Air,TCAR,tC5T.CIMC) 
c ppiht titlc rnn 5CHEDCU, BIHCSTHLT StCTIGN RiC. % 
C i^st » i rr aitiiiJii silESK aoju5T?eht crni, i cikeiuis? 

C OlVlL • OI°E».T:c.n tt :r LA, ^AJTWABC PRCI lORlH 15 POSITI¥E 

i-tec»b t^ar,*:; ju) ^snlw, /. sla'. f sc^cic.oiSd, uidi 

m; la*. los: 

log:c**l*i LAT r *l|6j . i.rNc.iib) f ;:icn(ft» 

?i"ns:os s*-i (?) , 



*»rtVft 5ohe<lu)> raiiitat l-m 
cnncK /1 \th/ :: 

cniicvPC^VU7, L»T^ # L*T' r L0IG,LC1ICD,lCHC« t LJTCI1 

CATA DIT/1HE, 11», III»* l«V 
nrcnR»(X) *xmro. o/pi 

CALL HRiIH(IAP5(LATCl # L AT 1 r L ATOI) 

SGHLAT» II S ( )) 

IF (lAT.LT.O.) SG-UAT-DIR (U) 

CUL RR1I 1 < IA9S CL01GD) # LC KC r t LOICCH) 

3GNLM5»0i:i(2, 

T" (LONC.LT.4.) SSILNJ-IIRM) 

apsoib- ABsmrucMao.o/»!) 
oib^-a^so tn 

QID.1-60. J" (A5S;i0-l"T(fcHSOID) ) »0.5 

T» (QI1H.LT. 60) CC TC 15 

9I81»0 

qtbd"qibd»1 
30 'all hrhi1 (qi5d,$idr # cib01) 
-•:wczmozr( 1) 

tp (crn»c.LT-T.) sciciB»ora (2j 
IKTSArr, 50,*)) co to uo 

WRXTE(6 ,}f) TE*3 t *A1E 
11 F0fi1»T( 1HV2f1Vl #*U#TU. ' *-0- PRATEa SCHSDULr! FOa * t 7AU) 

30 TC BS 
«0 U*ITS|6 ,»2, H1! 

02 F0BlATniM/2(1I/) r ^1X r '?Z"PElUAL PRAYL'H SCMSDULE FOB ' r 7A<.) 
US WRITE(& r UO) LMDI^3i;iiL*?.tCHGC^5GMl*G,QIUtl f S-™QlD 
M F081lT( 1X/JU # 'LATITUDE ■ ' ,6A 1 , II , A 1 r 6X r • LCHC iTlJOE ■•, 
1 11,6* 1, U,A1,6l r 'OIOLA ■• r 6Al, U r A1 r ' CF*01 1)«) 

GO M (1,2 t 3 t *4) r 1 

1 MRITE(6,21) 

21 fOMAT(2(U/l »1 T t# # J A 1 'J A P T' r jOl # -F K B F 'I A R T • r 

i 321, 'i a i r h') 
00 TO 100 

2 IF(TEAi;.EQ.) .A15. T CST.MS. 0) URH E (6 r r . 1) 

51 »0R1A?(2 (U/) # U)X # ' (I* XP*II # ACC CBE HOUB TO ALL TIAES», 
1 • AFTC.7 '-AST 5AT*J*tOXY) ') 

mrt(*,22i 

22 F0P1ATC(U/) # 1«X # 'A ? R I L' # lTl r 'P A T' 
1 „101, 'J J 1 V) 

'".0 TO 100 

1 UPITE(6,2J) 
21 T0H1ATC2(U/) # ?)X r 'J L T*,JSX r 'A 3-609 T', 
1 101,'S ! !» T • :l I! E F'| 

GO M 100 
« ir (TEAR.S3.1 ..\SD. IDSI.IE.O) ** H t E (6 P S2) 

52 F0B1AT(2(U/» pJSlg ' (1 ' OCTOB!P, 5QMHACT OSE HOUR FR01 ALL' r 

i • t:i»s afi*r last jittida?)») 

URITEf> r 2U) 
-»U »0H1IT(2(U/) # 17X r f C 1 C f E (1-,JJ1,*H » E fl » E I 
1 2°X. ") E C " 1 1 E ■•) 

UO URIfE<f>, 1211 
120 FOnn*T( 1X/4I,«)(1H-) # U1 t uO( IH-i t «!,i.0(11l*) /UX # 

1 J(3X,'fA.I1 SUUBU} 2UHB A2B 1ACHMD I S HA • r *I) /%I f 

2 3f*DATF DAyj SBRI5E 1C01 A-R10R SSStT NIGRT',*X)/ 

3 UX r U0(lR-) # <|f r «O(1H-) r itX # <*O(1H-!) 

UOTt* 

F1D 

SUDPdOTIS-: C^*ST(1Tr»fM 
COIPUTEJ A,;?0 CCJ5TA1TS TCP JAS CF GI1IB TEAR 

I^ATS ■ II*F FROH 12 MB(RCCl) r JAM C, 1*100 TO HB, JAH 0F NTEAR 

T ■ SA1E 1H JU',IAS CENTCR^ES (UNITS CF 1C5JS 0AT5) 

©1L « OCLIJOITT C» EClTtTtC 

0M*Uin r C1LOU^ t D£L:iO * OAtl» ICIIOI (ChAiiCt) M 5UM'S ATlonALT. 

3'Ji^S itt\i ur.mp', :nrsfAL t:if 

ASOnO # s«LORGO t SI=T-J - SJ1'S *5A« MC*»AlT r !(.«'• S ILAPt Lnnr.LTUOr, 

S:onir»L ^T*P r ALt AT HM # JAI Of TPAH RTSAR 



»^q j&b&JI 



WHJ/t r Sch«du le coaputatioo 

C Cl,C? ■ CO r T? ICIE1TS II COUATICk Cf CEITt* 
t"UbLZ PRECISIO» ^nCD.DATA» 

OOtlCie P9ECISIOH T„ftPl,DDEC # CEC,DIAD # D*GaU # ELORG,OPGL»C;,;u 

COAHC» /AATH/PI 

COHBO» /ASTR/OBL, Dft V HOI , D1LO»C # A»OH0 ,Sfl L»C0, C 1 ,C 2 ,DELSI J,S IDTBO 

DRiD(DECIEe) •DflO0(DEG»EE, 360.0 CO) •CPI/110.000 

CD*;(I3r.G # fllH,SEC)-ID2G»RiI»/60.0DO*5EC/3 600.000 

")flO0«(IHOUR>1I»,SEC)-DDEG(IHC0»,FII,S!C) 

CPI-CATAw (1. ODO) *«.0CO 

PT-on 

1CATSMBTEA&- 1900) «365» (RTEIH- 1 50 11 /» 
T-f*C*TS-0.SD0)/J652S.0DC 

1BL-CRAD(DDEG ( 2 3, 71, P. 26 00) -DDEC (0, 0, UC . 8n5r>0) *T) 
nnincA- *R*:>(DDEG (35999, 2,59. 1CDC) /36525. 000) 
l*LOflG*OaAD(OnEG(16CO0 # »6 # fl. 1300) /36525. ODC) 
DX" DP.AD(DDE<;(2 79,l»1,a8. 04 DO) *DDEG lO,C,l.CA9nO) *T*T| • 
1 l»HAO(DDPG( J6 00O,U6,fl. 1 3D0) *T) 
SflLHGO-OflriD(DI,2.0D0*DPI) 

DX-DRAinDV;(rj8,28,J3.0CQ)-DDEG(0 # 0,.5«DO)»T*T) ♦ 
1 DSA^UDDEG (359*19,2,59. 1000) *T) 

A»Ofl0«D1OD(DX,2.0D0»DPT) 
p »»LSID-nHO3R(2«00,3,«.5*2D0l/36535.0C0 

DX-DHO0R(6,3 9,4 5.936D0) ♦ D10D (DHODI (2«00, 3, M. 5I2D0) *T f 2».000> 
SIDTHO«!>!lon(ni # 2*.000) 

C1-DIAD{D0EG (1 , 55, 1 C. 05">C0) -DDEG (0,0, 17 . 2«CO) •!- 
1 00*0(0,0,0.05200) •T»T) 

C2-OIAO (OnEG (0,1, 12, 3 3AC0J.-PPEG (O,0,0.3*1t>0) »T) 
»fTOiH 
•»D 

C 
C 

SOB*OUTI»I DATLIT(TEAR,LEAP # ICST # BEG I » , Fl S ISH) 
C rr*DS NHSTHE» TEAB 15 L?AP (LEAP - 1 IF TES, IF »0, . 

c ir iost is io»-z;no, thm mso 

C COBPOTES DAT HOS. TOR 3AYLIGHT SAtlWGS llflf 51MT AHD EJTD 
C DAT 10. OP HST SU»OAT CT APilL (BEGIH) l K t 
C DAT »0. Or LA5T SATtlDA T Of OCTOBPB 

irt»Gr- T r AR,B*,cr»,rirUSH, API30,CCI31 

LEAT-0 

■»-■ lOD(TEAR,«0O) 

■|1-nCD(TEA», 100) 

lt (BM.^U.O .CR. B1.RE.0 .AND. flCD (T! AR, H) .EQ. 0) LEAP- 1 

ir (iDST.se.O) co to 5 

C m AOJUSTAEHT FOP DATLICHT SAVI»C TIH! (TtAS 7ERO POp PERPETUAL) 
IIGIR-367 
•7MSK-0 
■»TORM 

5 IP CYCJl 1 *.*!!.?) CO T1 1«. 
C DATlTGlll SATlin TI.IT I N PEiCETUAL C*L!VCA». HII 1 THTU OCT 31 

BIGI»*11»29*31*30*1 

•3mSII-BF.CIM-1O1O0»11O1O0»31 

•IYURM 
C 101-2ER0 TTAR. !CR A!!«UAL CALIBOID 

C JA!»0 # A?njO # OCT31 - DAT OT M!EK C» THOSE DATES ( F«I*0 ,SAT- 1 # SU»« 2 # . . .) 
C 1AP»30 # »OCT31 h »0. OF OAT 11 TlAR CA TKCSI DAT!S 
10 JAH0*1OD (ltt/100» 12<ft»1»n1M1/«-LEAP,7) 

HAPMO-3 1*2 a *LEAP*11*30 

«OCT31 »365 *LEA 7-31-30 

APRlO"10n(HAPMO»JAHO # "M 

OCTJl* 10D(t0CT JUJA'O.7) 

D*GIW-K.\PR)0*2-AFR3O 

TP (»RCI».GT.KAP«301 B!GlM.BECI»-7 

FIHISIt»H0CT31O-0CT31 

TP(FHITSH.CT.wr5CT31J t I«ISK* f IHISH-7 

P»TUR|t 

ItB 

•uirirci oiblact) 



Prayer Sch#»dule Coaputation 6 

C ICT0M3 OIRPCTTCN CP QIULA 1:1 RACIAhS. EASTWARD F90~ SORTII IS ?OS, 

REAL LAT # LONO,LONO0 # LATO 
C LOWfiO,tAT0 A^E 10WG AND LAT Of 1ECCA IM MDIANS 

C01flC:l /1ATH/PI 

COnnoi/POSK/LAT,LATn # r.ATn # LO«G. LOHGL,lOMGp # LSTDII 

CATA LOHGO # L*TO/-.(i^3'»6fl«,. 3*>U37 31/ 

DfLONG=LONG-L0NG0 

?7BLA=ATAN2(SItf(DFLCNC) # CO5(IATJ»TAK{LAT0) -5IN (LAT) *COS <0FLO.NG) ) 

RETURN 
BND 

C 

c 

rONCTION TSHAD(NCAr,PEAftNC) 
C RETURNS TIHE HHPN 5HA0OM HAS GI»EN IEAH&G CLCCKNlSt TO HORTI» 
C IP lO SOCH TI"lE r TDIN TETUPNS A LAPCE NtrPPB 

RBAL LAT.LO«G,LOCHT,LCNGn, LSTDH 

COIIOIT /HATH/ PI 

COH101 /ASTR/03L, DHANOH, DE LCiG, ANCHO , £HLN.;0 # C 1,C2, DELSID.SIDTHO 

COinOH/PCS»VLAT # LATD,LATn # LdHG # LCNGD,10*G1,LSIDH 

TSHAD«1.0F.7 
C PIBST HAKE 5UN'S AZ1H'JTH DETMBEH AHC JCO CEGREES, IHEN HETUIEH 
C -1*»p AHO »180. IF AZIH0TH IS PCSITIVE # TIHE IS A. .1. , SLSE P. H. 

C APPROJCINATE TIHES ARE B kn AND « PH. 

A21TH"A10D(BEARNGO.O*P:,2.0«PI) V 

TTHB0»P.O 

IT (AX1TH.1T.FI) GO TO 20 

AS1?H«2.*PI-A21TH 

TTHEO-H.O 
20 LO»GH-LONG*12./?I 

OATS-SDAI» (TI.1!:0*L01GH)/2u.O 

AHOnLT«A10!lO*:iA101»D»r5 

S1L1G"S1LN?;0#0!1LONG»D*TS 

SL0KG*S1LN0#C1*SIN(AKCRLT) ♦C2*SI ( A UC ff LT *2 ) 

RA-ATA12(COS<OBl) *5IN (SLON C) # COS ( SLCNC) > •12.0/PI 

IP (BA.LI.O.) 3A=RA*2U.O 

SJNDCL*SaN (09L) »51« (SLCNG) 

DICL-ARSIN(SINDCL) 

THETA1 = ATA12(COS(Lir)«CCS(AZHTi:) .SUILAT)) 

THETA2-APCOS <SIN(0ECL) *C03 (THEIAIJ/SIN (LAT)) 
C GET. (POSSTOLT T»0) TILUES C* COALT. SELECT TfE LARGEH DNE SC 
C THAT UE HAVE CCALT <- 90. «3 DECBEES (I.E. 5UK AB07E HCPIION) 

COALT1=AHOD(2.0*PI»THEIA1»THITA2 # 2.0»PI) 

COALT2«A1OD(U.0»PlfTHETA 1-THET A2 # 2.0*PI> 

IP (ANIN1 (COALT1,COALT2).GT.S0. e?/18 0.0*PI) RETU^N 

COALT-A1AX1(CCALT1,COALT2) 

IP iCOrai.OT. 90. 81/1*0. Q»?I) CCALT*AP.l N 1 (CCALT 1 ,C0ALT2) 

COSKA» (COS(COALT)-SIN(DFCL) •£ZV(L1I| ) /C03 ( CECL) /COS (LAT) 

IP (A?S(COSHA).GT.1.0) FETQRN 

HA»ABCOS(COSHA) *12.5/P: 

TP (TI1F0.LT. 12.0) »IA«2U.0-HA 

LCCHT-HA»RA-DELSID*DATS-5IDT10 

TSHAr»LOCHT»LCKCH-LUTo|l 

IP (TSKAD.LT. ").) T5IIAD*?SIIAD*2U.O 

I» (TSI'AD.GT.2U.O) TSHAr = TSIIAD-2<4.0 

RETURN 
C 50 TP (1.NP.0) **TUnN 

c r-i 

C SOL-PT-SCL 

C 00 TO UO 

»XD 

C 

c 

SOBROUTINE T:ri£2 (N, NA1E # TEAP # ICST,CIHEC) 
C TITLPS FOR OITLA INCICA.TOR CKART 

HTEGEK TEATl, EIR («), 5GNING, SGNl AT , SGNC.T P ,^ IbO , ?I0 1 

REAL LAT.LONT. 

LCGICAL*! LATC1 (6) # LCN 00*1(6) ,01 EC"(6) 

DIPF,NSION NJA1f<7) 

C01HON /1ATH/ n 



ji- +ub&t r? 



Pcaper ScheduLe Coaputatioo 



djr , ~tf&P±k 



COIIOII/POSI/I.aT, LITl.LATB, LONG f IONGD f LONGH f LSTDH 
TATA DIP/1H», IHW^IHHJHS/ 

DEGREE(X) *X*180.0/PI 
CALL HRHI* (IA!?S(LATn) f LATB, LATDR) 
SGNLAT=DI3(3) 

IP (LAT.L1.0.) SG»LAT»DIR(4) 
CJILL :iRni1(IAPS(LONGD) f LOHGrt f LONGCA) 
SG*LNG»r>IR(2) 

IP (LOMG.LT.O.) SG1LNG*DIR (1) 
A^SaTn-ABStDTRSCtnO.O/PI) 
QIBD*A95QID 

QTBn»60.0*(AB5QID-INT(ABSQID)) *0.5 
I* CQZB4.LT. 60) GO TO 35 
QIB4«> 
QIDD*QIBD*1 
35 CALL HR1IN(QI3D f QID.1,QIRDH) 

SGNGIB-nnn) 

IP (DIREC.LT. 0.) SGVQID=DIF (2) 

TP(rEAR.EQ.O) GC TO 40 

WRITE(6 f 3?) YEAn,NA«E 

37 PORttAT(1lM/ 1X/ ,401,14,' A . D. CIBLA INCICITOR POR ' ,7A4) 

GO TC 4 5 

10 WRITE(6 f 42) N*HE 

42 PnR.4AT(1H1/ 1 X/ f 40 X f • PKR PETU Al CIELA INDICATOR FOH * $1M) 

45 HRITE(6,4ft) LATD K, SG KLAT , LCNCC N, SCNl KG, QIB t.M f SGNCIB 

«8 FOBHAT(1X/31X f «LATITMDE =" , 6A 1 , 1 X, A 1 ,61, "LONGITUDE = ' f 

1 1X f 6A1 f 1X,A1,6X,'QIBLA = • f 6A 1 , 1 X, A 1 , • (PBOf1 1)») 

WRITE(C f 49) 

49 POR".AT(2(1X/) f 37X, 'TIPE VHEN CICLA 15 AT CIVEN ANCLE TO SIIADOB* 

1 • OP YSRTICAL CBJECT'//48X, • (• IKCICATIS RO SUCH TIHE ON ', 

2 «THAT DAY) •) 

GO TO (1 ,2,3,4,5,6) , N 

1 WWITE(6 f 21) 

21 FORnAT(2(1X/) ,29X, «J A N U A R T f # 5l» f f P E P R U A B Y f ) 
GO TO 100 

2 IF(YEAR.EQ.O .ANC. IDST.RE.O) WRITE(6,51) 

51 FORnAT(2 (1X/) ,40X, ' (IN APRIL, ADC CRI BCUR TO ALL TIHES', 
1 APTER LASl SATURDAT)') 

BRITE(6 f 22) 

22 POR?iAT(2(1X/) # 3 1 X , * fl A 5 C H',56X, f A f R I L f ) 
GO TO 100 

3 NRITE(6,23) 

23 EOH-AT (2(1X/) f 33X f • « A r f # S9X ff f d U N E § ) 
GO TO 100 

4 HRITE(6,24) 

24 PORHAT(2(1X/) ,32X f «J U L Y«,56X f f A C U S T') 
GO TO 100 

5 IP (YEAR.EQ.0 .AND. IDST.NE.C) NPITE|6 f 52) 

52 p ^FrtAT(2 (11/) ,35X, • (IN CCTCBER, SUDI&ACT CNE HOUR FROf1 ALL' 
1 ,' TI1ES APTER LAST SATORDAY)») 

WRITE(C,25) 

25 PORnAT(2(1I/) ,27X,"S E P T E t. B E P",50T,'0 C T E E RM 
GO TO 100 

6 URITE(6,26) 

26 *ORMAT(2 (1X/) ,28X, 'N V E N E E H* f 50X,'D E C E * B E RM 
100 WRITE(6, 120) 

120 F0RHAT(1X/6X,59(1H-) , 6X , 59 (1H-) /6X„ 

1 2(6X f 'AN^LE (DEGREES) CLCCKWISE F6C1 SHADON TO QlBLA' f 13X)/ 

2 2(6X,«DAY 45 90 135 180 225 270 

3 "315 •)/, 6X,59(1H-) ,6X,59(1H-)) 
RETURN 

END 



iy — ' " >^Ul</ 



±> f*Jfc\ft\wWt*ftto0j&/>*s*'ti&i 

YWWi/rr (S^J '»4&&A' 
±&*r Jfci eJ* *!.* y^i/lJ^ 'y <V ' y J\/ 
-^?.JJ*iA^'£\*j)j'(\i*}liiii\tji\% i \}v' 

Prcdictioo o- Crfesce0t"s Yisit-ility 

C PRnr.RA^I TO COSMT* ODS=!fiV*TICN DATA FCF NEU CI-ESCENT CBSERV AT 10 *J 
C 

cccccccccecccccccccccccccccccccccc 
c 

C WBtTTEN 31 

C 

C S. turui A3DALI 

C rATMElATICAL SCIENCSS DEPART.IENT 

C RFN r >S p LAER POLTTFCHNIC INS1ITUTE 

C TR^Y, NSW TOPK 12181, U£* 

c 
c 

CCCCCCCCCCCCCCCCCCCCCCCCCCC^CCCCCC 

C 

C THTS PROGPAi CC1PUTES ANn'PRTNTS CUT UKANAC CATA f.% 0B5ERVXN'j 

C THE 1O0W ON AHY SYS*!**; Of P303AELE NEH CRESCSMT VISI3ILiTT. 

C TT ALSO DETEPilNES THP LTKEL^IICCC Cr THE HCCTPS VI5IdILITY 

C k3 "IIIGEI". "T.OIE", OR *POOR» BASEC C* THE ALBEIHUNI CRIT£Ti:ON. 

C (SSE ATTACII*D WRTT5-UP.) 

C THE 10a» f S ?OSITIO'f IS COHPUTID FS0f TEIG SEP^E5 VMID FOR 

C THE PE1IO0 1900-2100 AP PRCX IH»TEIY 

C 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 



COL. 


1 


- «*: 


YFAH A.D. (1R00 THRU 


COL. 


S 


- 9: 


HOBTH (1 THRO 12) 


COL. 


9 


- 12; 


DM (0 THBO 31) 


COL. 


13 


- 16: 


IIOUB (0 THBO 23) 


COL. 


17 


- 20: 


HlKUTES (0 THBU 5S) 



Pr»dictioo of Ccescent^s TisibilitT 

> 
C 
C ISPOT DATA TO DESCFIBE TIHE SHOULD BE ON UNIT S , Ai POLLOHS. 

C 

C A CARC GITINa THE DATE A*D TH! GRIENHICH HEAN II1E OF T!IE H05T 

C •CCKNl ASTHO^OrTCAl "NFH PCCH r KHICH HAS CCC^REC BltOUl TUC 

C ETENIKG FOH KHICH THE CBISCEMl OBSEBTAIIGN CATA 15 l/ESIRED. 

C COL. 1 - «*: YFAH A.D. (1BO0 THHC 2100) 

C 

C 

c 

c 

C 

C 011 08 10SE CAKDS IACH GITING THE CATE(S) OP TSB Ef3NI10(S) FO» 

C HHICH Tltn CR».SCEMT CDSERVATICH DATA 1S DISIBFD U5INC TH? ADOVE 

c "*eh noa«a" Tini. 

C COL. 1 - l: YEAR A.D. 

C COL. 5-0: HONTII 

C COL. 1 - 12: DAl 

C COt. 15 - 30: TITLC WHICU yiLL £E PIIHTE.D 0« DATA 

C (E.G. "ENO Cr r.UHAHAP moi"» 

c 

C A CART CO*TAIHIMG A 2EHC IN CCLJn» 1 TC TEBPINATE C0.1PUTAVIC MS 

C OSIHC TIIE AHOTE "«UW fOON« TIHE. 

C THE OATA CN LCGICAL 'JKIT 5 HAY HATI SCFE THAH OU S ET , EACII 

C 01 KKICH CO*TAI1S PIRST A "HEH R^^OB" TIHE, THES SStrilAL DATES 

C FOn HHICI! TH» CBESCPNT CBSSRTATICN CATA IS REOUIIUD, AND 

C PIHAILIT h CARD COSTAININC h ZFRO IN CCLUR 1» TIIE PBOGRAA 

C PXEC0TIONJ TERIINATPS WHKN AH END-CF-FILr 15 E^COUNTEKEH OH 

C U*IT 5. 

C 

c 

C TWPUT DATA MIOUT LOCATICNS 5H0U iD t t EBCVIDED CN LOGICAL USIT 1 , 

C HHICH SIIOULD SE A "A?E 09 02SK T 1 1 1 CAPA8LE 0F OEINC BCHOUND. 

C FOR €ACH LOCATTON DESUET, THE I»FUT SHOOLD INCLUCt THB£E CATD 

C I1A3ES HITH THE FOLIOWI|G DAIA LAIOOT; 

C 

C CAPC 1: 

C COL. 1 - 2H: 3A1P OP PLACE. 

C 

C CARD 2: 

C cot. 1 - »: DICRIIS 1n UtltOOB Cl piaci. 

C COL. r > - *: jlt*IUT*S IH LATITUDB Cf PtACI, 

C COL. 9 - 12: DEGREES IB LONGITODE C f PLACE. 

C COL. 13 - 16: HIIOTES IB LCNGITODE C f ILACP. 

C COt. 17 - 20: DECPEES I?l LOHOITODE CP STASDARD TI6E. 

C COL. 21 - 2«: .niHUTES IR LOHCITUOE CP STANOAPD TI-12. 

C 

C (i O T E : IP A LATITUDE C3 LONCITOC? T' ICGATIYE. ONLY It4 

C D»GREES PABT SHCULD IE (IECIDfD OY K rU*U5 SIGN.J 

C 

C CARD 3: 

C COt. 1 - N; IGNORED 

C COL. S - «: 1, IP DATLIGHT SATIBG TIHE «DJUST1ENT REgUIRED, 

C 3, 01HE3UISE. 

C (H T T. : THIS ADJOSTPEHT IS DCIE tl ACDIHG CHP HOOR TO ALL 

C TIHES FROH THE tAST SOIOAY II APRIL TC THE UST 

C SOBDAT IN OCTCHEB- 

C 

C (N T E : THE DATA ON C&RDS 2 AIC 3 AFE ALL IHTEGER. THEY 

C SHCULD BB «IGHT-30STIPIED II TREIR RESPECTITE TIELOS. ) 

C 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

* 

c 

C THE PBOGSAH PRODOCES TH! OOT n UT CN 10GICAL ONIT 6. 

c 

t^CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

c 

C 
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prdiction of C tc scp ii t • s Vinil»ility 

PSJ^ LAT # L01G,L0HGI!,*ST3ll 

R»*L I^HA.ILIiA.iCCL.IAEII.r.AL-r^ITinl.aAITT 

TO^rtOM /HATII/ Pt 

COT»GN/Pr5N/lA?, LA -r D. f I.AT«,LGNG, LCKGD, lCNC.n # LSTDI! 

COIRCM /IIH^S/ MDAY^STSUM.UlStN^SI.IUK.STCYL^JTCTL 

COIMON /COOR3/ SDCL # 5LHA,SAZin # nGHA,nl:CL # RLnA # R»tT # HjAZI:. # 
1 DASIH.ANOOST, KA 2TB1 # HJLLT 1 

TNTEGEK MAH£(S) , NEW1UM (5) , C^NIAT , SGM I NG, SCMDAZ,I»EGDST, PIHDST 

TNTEGSR AnP"1,riIJDAT( r .) 

INTBG5R SY* (6)/lHN, 1I1S, HlE # UW, HIA,1HP/ 

IITEGrP 101T»i(12)/3HJAH # 3HFEB,3lirA6,3llAPR,3.inAT,3HJUN # 3HJUL, 
1 3HAnG # 3HSEP # 3HOCT, 1HM0V # 3HCEC / 

1>FAL»B POOR/' P009 V # SOHE/« SCFTE •/, 

1 nictt/«Hica •avsolty 
radiamd -r*PT/no.o 

CEGREE(IDEG # 1IiUTB)-ISIGN(HI1'JTE # IDEG)/60.C»IDEG 

10 BEWIHT) 7 
C REA1 OA5E AMD 7ME 0* •aSTRCNCKICAL "KEM ■OON". 
READ (0, 20,1*3-260) NEW10N 
20 »0R1AT(5IU> 
C !»EAD DATE PO R WIIICH CtiSSCENT CBSERtrATION CATA IS TO DE COHPUTED 
100 R»AD (5 # 105, T ND«263) IY^AR I P.CNTH, It ATI, HIJDAT • 

105 FOP.1AT(3I4 # 2X # 5A«) 
C TEST ir EMD OF SFT OF DATES TtR WHICH PFESEMT "NEM 1O0N" TIRE 
C TS APPLTCABLP. ERD SENTIN2L HiS TEAR « 1« DATE. 

ir (IYEAR.EQ.O) GO TO 10 
C IOT A SKNTIN-L DUT A COOD DATE. PRIKT TAPLE HrADlNG AND CCRPUTE. 
■ RITE (6, 10S) tlIJDAT # HONTR(IROHTH| , I C ATE # 1 rCA P 
10« *ORnAT(1*t1,*OI, :>ATA F0B CBESCIIT CbSEIYATIOM V# 
1 inO # *EROOr • # SA*/lX r A3,I3 # , # ' # IU) 
%RTTE(6,1 10> 
110 fOBHAT(lH0,6U,MOOMMH',»S POSITICk AT S0NSET' # MI, 
1 -*AT CYL THILT'/60X # 32('-'), IX, 1 2 (•-• ) /2HI, • IAT' # 5X, 
7 "LOIG' ^.'SUNSET' # 1 X # ' .1CCNSKT • , 1X # «CYTWLT« ,2X,"AGE* # 
1 2X,'AZ2:-TH*,,1X,'1IOP D<*. ,lX,»ALTIt« # 2X, 
h •AVGLE ,1I # •AZI!^■H•,1X,•ALTIT•,1X, YSBLITY ,2X,•CRIT• 

5 /1X,' PLACE» # 17X, «DG 1H« # 3X # »DC HN*,2X,»HB «IN',TX,'HR RM» # 2X, 

6 MIR HN« ,2X, •HO0*S' # 1Y # 'FDOH N',1X # '*R SUN' , 2 I , • DEG • , 

7 2X, F3 S3N» # 1I,*«rC!I NSai^DEC^I^CHAHCBS^I^DIPP* 
* /11, 20 ('-•) # 2I,6 ( -•) # II, 7 (•-•) # 11 ,6 (•-•), 11,7 (•-•), 

•* Il,6('-') # 1I.SC-' , ,lX,6(«-«) # U,6('--) ,1X,5 ("-•), 
A 1T # 6C-') # 1X # 6 (•-' |, 1 X # S.( •-•) # IX ,7 (•-•) # 2X # *(•-•)) 

115 READ (7 # 120,EMD-250) NAir, LATC # L Al R # L0NGD # LONG1 , LSTD, LSTH # 1D3T 

120 *OB' , AT(5AH/6m/«X,lU f 

CALL CONST(I»EAR) 

LAT-RA^>I^»UE£GRPE(LATD # LA? , ') ) 
tCMG«=RADI AN (OIGBET (LCNGD, LC NG1) ) 

LSTCI1«DEGREZ(LSTC # LST1)/15.0 
C PTID DECINNINC AN)D END OF 3ATLXGHT SAVXMC PEAIOD 

CALL DATLIT (IISA 1, LF AP„ I £5T # EEGC3T , l INDST) 
C rTMD DAT NOIPBB 01 CITIH DATS- 

HDAY«10nT>AY(IYEAB,I1CHTI!,IDATE # L!At) 
C riND SUM5E7 TI1E, CIYIL TMILIGHT TIHE, HOON"£ POSITION AT 
C S3iS*I AHD AT CIVIL THILIGIIT, AKD HCCNStT TIHE. 

CALL SUHStT 

CALL CIVIL 

CALL iroSIT 

CALL HP0S1 

CALL RUMSET 
C PMTPARE F0B PRINTINC TIIE COSEDY ATICR Al CATA 

tATA(IS*IABS(LATD) 

SGNLAT-STH(I) 

IF(LXTD.LT.O) SGNLAT-SYH (2) 

LArHl*LAtn/10 

LAW^^RODJLATI^IO) 

LMGADS«IAtS(LCNGn) 

SGYLNG>SYH(U) 

IF (LONCn.LT.O) SCMLHCeSTRt^) 

IChGRl-lOSGn/10 

M0 JtWj&jl 



PredicHon o: OrencenMs visiliility 

Lt*GR2- CCDUOMCI, 10) 
C n- s » «»1 lAYLI^hl SAYIHJ Ttnr ACJOSIKJNT. 

If (MIUY. LT.DE'JD3T .O*. H DA Y.^E. F I RDST) GO TO 223 
S1SUM*STSU1»1.0 
ST1UN=5T1UN»1. J 
5ICVL*STCVL*1.0 
220 IHRSUN«STSU1 
C CftVt*»t IlltS INTC A.B. OB ?.H. HCUHS IID (RCUIMEC) 1IN'JTES. 
IRSrri-tSTSUN-IIIBSO*) •6O.0»0.5 
If (NHSJH.LT.fi3) 'tC TO 222 
r**tSUH*0 

IHRSUN^IHRSONH 
222 IHHSUN-THPSUN-12 
1I»SUIC1»1NSUN/10 
ff*SU»2- H05 (FI1S'JM r 10) 
IHRCVL-STCVL 

1RCVL= (STCVL-IHHCVL) »60. 0*0. 5 
IF (HNCVL-LT. 60) GOTO 22) 
1NCYL-0 

IHRCVL=IHRC?L»1 
22 1 IHRCVL-IHnC?L-12 

1WCVL1»KHCVL/10 

1RCY12- 10D(11CVL,10) 
IHRIDN-STlUM 

iNfiuir*(STiiD?i-inRnuN) »6 0.0 »0.5 

TP (H11UN.LT.6 0) GG TO 22* 

1N1UN-0 

IHRaUN*inR1UN»l 
221 A1P1=5Y1(5) 

IP (IMR1UM.L r . 1?) r.O TC 230 

ArP1*SY" (6) 

IHRHUN-IHR.1U1-12 
230 1MU11 = "M1UN/10 

nN1UN2»10T) (HN.1UN, 10) 

c coHpnTE noo» f s age at sunset 

»fi5-UTSUN-(N'"UlJ!«( l i)/60.0»NE-f , UK(*i)) • 
1 (1DAY-NU1DAY (* r .W , "nN(1) # NE- , rUN(2),N!:-1Uin),Lr:A' , ))*24.J 
nA2AES»*3S(DATI1) 
SGNCAT»SY^(1) 

Tf (DA2I1. LT. J.O) SeiQAZ=SY1 (2) 

THPCSH* (-O.V7m3 F-2»DAZABS-0.1J7mf- 1 ) • J)A7« AHS» 10. 17*4 1 
CIPf ET»= <HALT-TH3ES!I)/THPISH 
WSDLT Y-SC15 

IP (LIFFER.LT.-0. 1) V53lTY=POOB 
IF (CIPrER.-.T.O.I) VSTUTT = HIG« 
WRITE (6,2<l0) NA">E # LATABS, LATH 1 # LAI12 # 5CK L AT, t NGrPS,LONC.11 , 

1 LOMfll2,SCKLM';,IHr.SU1 # 1MSU'M,'1»<UM?.I!l!inDN - ..1p— JM # S«inN2, 

2 AHP1,TH3CVL,aNCVL1 # riKCVL2 f 

* AG!,1AZX1 9 DAZigs«SG1l3JiZ # PAlT f AKCOS1 r 1A2I11 t PAL?1«VSeLTT 
U ,DIP"»R 

2uo WtaAT(U.5Afl.«.l2, , :S2I1 # A1,1I # I3, , :saxi-A1i U # X2 f •i«,2i1« 

1 'r , ,2I,r2 # '; •,211^1,11,12,': ',211, •?', 

2 1X,rS-1,lX,F5. 1,'W",1X,r5. 1, A1.1I,> 1 !. 1,1X, 

3 r r >. 1,2X,P5.1,»U',1X,F':.1,2X,A6«1X,F5.2) 
ur TC 115 

"•50 H8H2BD 7 

^O TO 100 
?60 uft:*!(6,2T0) 
270 roRHAT(VI1) 

TTOP 

PND 
f 

•UNCTiON NU.rDAY(Y,1 # C,LEA n ) 
K .F«:TU :iS *)AT MO. TM YEAR T CF DATI C IS rCNTII 1 

< l*ap=i :f yea"» :s ljap, o n NCH-trxr 
iNT p »ira Y # n # o # L p NP 

101CAY-D» iK- 1)«J0»5« 1/0- (*■• 7)/ 10« (2-1 ?AP) 
RPTURN 

i^n j*&h&ji 



PrrMLctidn of Croicont'3 visi^ility 
C 

c 

SUDPOOTINE *P05IT 

rn«»iiT»s ;icon»s posittcn ai su»set ti n cnl at , ijniversal rinr UISUB 

r lGin,HLHA,nDCL ■ 10O1"S GIIA , LH A , CEC l INATION 

C nALT,»"A2Tn f ANGDST=H03N«S ALTIT UCE, AZI *U i H , A N3ULAR OtST r BOH iUN 

C DAZJH« 100N'S AZ!UlfH D JFP*?.E NC£ ( • IF NCMII) F!»Ofl SUN 

C «UT1,lAZini=nC0N»5 ALTTTUDE # A:ifUlH AT END OT CIVTL TKlLIGIIT 

PEAL LAT,LONG,LON';;ri,LSTDH 

RFAL HGIIA,lLnA,lDCL,nA7i:i,nALT,nAZini,HALT1 

CCMHON /lATH/ PT 

COinCN/rcr^t.ATiLAT^LATn^LONG^LCNGD.lONCn^LSTDII 

COnilCH /TirrS/ N0*T,STSUfc,U15i:K,SIr:UN,STCVL,UTCVL 

CniHO* /CO0»tC/ SDCL,SLHA,SAZIH,1GHA, -OCL^niHA, HALT, HAZIH, 

1 T>AZIH,ANG0S7,HAZIM,HALT1 
*AlELI5T/nP0S/VDAT,UTSUM,DAYS li rtGI'A,nillA,flDCl # .lALT,?1AZin, 

i sAZin,::AZir,A*<;osT 

CALL HHADCL(UTS'JU] 

*LHA=HGHA-LONG 

1ALT>AnsIS(SIN(,iaCL) •SIN(LAT) *CCS (HCC l) »005 (LAT) *C0S (RLHA) ) 

1AZTH=ARS(ATAN2 (SIN(nL?IA) ,CCS (LAT ) »T AN (HDCL) -SIN (LAT) •COS (HLHA ) ) ) 

S?.HAR = SLHA*P 1/12.0 

SA2IH-ABS(ATAN2(STN(SL!!AS) , CCS (LAT) «T A M ( SDCL) -SIN(LAT) 

1 •COS(SLIIAD) ) 

"AZI1~SA?:l1-1AZin 

A?.T5UN*=-0.QJ3 3 3 3«?I/1B0.0 

AWi;OST=APC0S(SIN (ALTSUN) »SIN (PALT) +CCS (A ITSUM) *COS(HALT) • 
1 COS PA7.M))*140.0/PT 

nALT=1ALT»1R0.O/?I 

HAZIH«HAZI1*1P0.0/PI 

DAZin=DAZI1»180.0/ni 

C KRITE<6,HP0S) 

PIT03N 

ENTRY HP0S1 
C04POTP3 nCOH»S POSITI01 AT SWD OT CIVIL ThlLICIIl 

CALL 1MAnCL( JTC7L] 

1LHA=1GHA-L0MC 

•ALT1=APSIN(SIN(nDCL)*SIM (L AT) »LCS (F CC L) *CCS(LAT) ♦tOS(HLHA) | 
. 1 *1flO.O/PI 

HAZIM*ABS(ATAN2 (SI !t (HLIIA) ,CCS (LAT) •TAN(nDCL) -SIH (LAT) • 
1 C0S<1LHAJ) ) •1P0.0/PI 

RETORN 

*uo 

SUnPOUTIHt 10NSKT 
C0HPUTE5 TI1E CF HOONSET ON GIVEN CATE 

C TM'JN,5THUN«UNTV?RSAL TTME(IS D AYS) , ST A *C APD TIHE(IN HSS) OT HOONSET 
C 0TSUN«UNIV. TIHE OP SUNSET, USED AS MBST APPCO*. TC 100NS2T TIHE 

REAL nilGAO,iailAl # lLIIA0 # lLHA1 

REAL LAT,L0NG,L0NGH,LSTnil 

REAL 1GHA.1LHA,1DCL,»A7:T*,r.ALT,nAZIH1,nALT1 
COinON /HATII/ Pl 

COinCN/?051/?AT,LAT3,LATl,LOJ!G,LCNGD # tONGn,LSTDn 
COinCN /TI1ES/ NnAI,STSUN,UTSCK,STHUN # STCft,UTCVL 
COIMC^ /COORC/ SDCL,SLllA,SAZin,*GHA,HCCL.niHA,nALT # HAZ:i, 
1 DA^m^AN^DST.PAlinUHALTI 
DOUDLE PRfCI5lON DATS 
STHUM = 1.0E"> 
nT.lUN=0T3UN/2U-0 
DATS=MnAT»UT10K 
CALL HHADCL(UTSUN) 
HGHAI^HGHA 
HLHA0=nGHAl-LONG 
"fU!A~U7.ft1*VX/1W.O 

rOSLHia (1.00233-SIN (LAT)*SIH (HDCl) )/CCS (LAT) /C05 (HUCL) 
IF (ADS(CO^LHA).GT. 1.0) RETUM 
HL||A1 = ARC0S(C05LHI) 
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Predlctioo of Cc«»scpnt's VisibLlity 

DKLTSI- (1LHA1-.TLHAO)/DELHA 

ir (GELTM.LT. -0.5) DILTlH=DELTI*^>.0*P:/rCl.HA 

TF (DELTlH.GT. *0.5) DELTIH*D£LTIF-2.0»PI/EELIU 

UTSD»»UT1UM»DELTI1 
10 IF (DRLTI1.LT. 0.005) GCTC 20 

■1G1IA0-1GH.M 

HLHA0-HLHA1 

CALL 1HADCL (UT1'M*2tt.O) 
*GKA1-1*3HA 

CILHA-(1G!U1-1t;irA0)/DELTI1 

ir (DELHA.LT.O.O) OrLnA-DELHA^.O-n/CELTir 
COSI.HA- (0.002 33- Sl N (IAT) *S: N (HDCL) ) /CC S (LAT) /COS ( 1DCL> 
1? (ADS(COSLHA) . GT. 1-0) PETUFM 
MLHA1-ABCCS<CCSLHA) 
CELTI1- (1THA1-1LHA0) /DELHA 
OTH0N-UT1OM*DELTIfl 
GO TO 10 
20 STHUN»UTnUH«2tt.0-LSTDH 

retubn 

END 
C riHnS hHETHER TEMt IS LFAP (LEAP « 1 lf tES # C IF NC) . 
C ir IDST IS NC1N-ZE10 # THEN AL5C 

C C01PUTES DAI NOS. FOH DATLIGHl SAVI*GS TI1F SIART A1D END. 
C DIT NO. OT LASI SUNDAY CF APRIL (BECIN) AND 
C DAT NO. or LASl SATNDA^ 0F CCTCBEB 

C IF IDST IS ZERO (DAYLIGf:T SAVI*G TI1E NCT 0CSERVED) , THLN ".AKES 
C RANGP 0F DATLIGHT ^ATS FMETT HT SET1IKG C EC 1 N # r IN IS!I»367,0 

INTEGEB TEAB # BEG IN # »IhrSH, A PB30 # CCT3 1 

L-AP-0 

1tt«HCD(TEAR # ttO0) 

ni-HGD(YEAR, 10 3) 

ir (Htt.CO.O .OR. Hl.NE.O -ANC. fCC (T FA n # tt> . EG. 0) LEAP-1 

IF (IDST.HE.O) CO TO 10 
C DATLIGMT SATING TIHS HOT CBSEBVEC. SET CATLIGHT HA':GF TC ERPTT 

»EGIH*367 

•THISH-O 

HETURN 
C .JANO # APR30,OCT31 » DAT OT WEP.K CH TIICS! tATf5 (FR 1 = ĕ SAT* 1 # 5UII»2, • . . ) 
C NAPB30,NOCT31 - 10. 0F DAT IM TIAB CM THCSE DATES 
10 JAH0-HOD(Htt/100*12«4*1»Hl»11/tt-LEAP,7) 

NAPB30-31 428*1 EAP*1 1*30 

SOCT31«365*LEAP- 31-30 

APB30*10DJNA?H30OAN0 # 7) 

OCf3i'1OD(MOCT31»JAH0 # 7) 

P»GIN«MAPB3O»?-APB30 

ir (BBGIN.GT.MAPn30) BEGIN* BECI^-7 

FXNISH«HOCT31*1-CCT31 

ir(riMISH.GT.M0CT31) FIN ISH*FINI5H-7 

HETUPN 



EMD 



c 
C 



SOBROUTIME HIIADCL(UT> 
C COHFUTSS 100N'S GIIA AM3 CECL AT UMIV. 1112 'JT OH YDAY 
C USTS 5ERIES VALTD rOR PEBICn 1BCC-1900 AP PPCK II ATELY 
C BErEREMCE: AL1AVAC PDH C0?1PUTER£ # 1978. (HE IIAV* TRUNCATCO THE 
C SERTPS 10 ODTAI'1 SUFPICTEMT n SECISICS FCF CUB PJPPOSE) 
REAL LATjLOtGjLON^HitSTaH ,LT5UN 
HEAL 1GHA,1LIIA # inrt # rAZI1 # 1 ALT, ■ AZI1 1 , 1ALT 1 
C01H0M /HATb/ ?l 

C011CN/PCSN/LAT # LA?D,LAT1 # L0VC # tCliGt: # LCNc;!i # LSTCii 
CQ1H0M /TI1ES/ N0M # ST5UN,UT<LN,ST1i;N,5TCTt,'JTCVL 
C01J1CS /COOHH/ 3!>eL,SLHA # SAZIH # "GHA # r CCL # 1LH * # 1 ALT # HA2IH # 
1 DA2IH # AMG0ST # 1A2IPH # "ALT1 

50UBLE P9»CI3!CN DnCD^ATAN 
DODBLE PRECI5I0N T # CPI, DSAD. DEGT? f ■= rrfG # SEC # DX 
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PCtlictio» of Cr*scent's Yisibility 7 

DOUBLE PBICISIOW GO. A0,C0,NO.DO, EO, IG, WO,Gr.5TO, DG, U ,DC,DN, 0"), 

1 Dfl,nE # OW,DG^JT 
REAL G,A,C,N,D,D,-„W,.;i5T,flB» 

DBAE(DEGREE>=D10C(DEGB£t # 360.0DJj»DPI/l80.0DO 
inEGf IDFG,HIN,5EC)»srC/3600.0D9»BIN/60.QCO»rDEG 
0BOUK(IHOUR,niN # SEC)=DDEG(IHO;iB,flI*,SSC) 
DAYS-MOAY+UT/SU.O 
n*DRAD<GO»DAYs*DC) 
MDRAD(A0»0AY5*nA) 
C-DRAD(CO ♦DATS»DC) 
!««DRAD(N0»0AYS*ON) 
D«DRAD(D0»OATS*Dn) 
B-DRAD( RQ *DATS«DB) 
F-DPAO(EO»nATS*DE) 
H*DRAD(WO»DATS*DWt 

G«:»T*DRAD(G«<STO» 15.0« 106 »639500* t1»NUT*DCf1ST> 
THE?A--0.01*34*SIN (G »B- 2»D»K) -0. 01652*5IN ( A ♦ C*n- 2« D»N) 

1 -0.01869*SINf2«A^B-2»C^4) ♦J.027»SI» (2*A»R^N)-0.02994»5I*(A-B-2»D) 

2 -0.03759»SIN{G»B»H)-0.n3O82*SIN (C-B-N) »0. 04732«SIN (B»2*C»N) 

3 -0.0 4771*SIN(B-*)-Q.G6 505*SJN(A»B-2»D) »0.1J622*SIN (A»B) 

4 -0.l4511*SIN(A-B-2«D-N)-0.ie35tt«SIN (D-2* C) -0. 2001 7*SIN (B-2»D^N) 

5 -0.38899-*SIN(A»B-2«D»N) ♦0.40248*SIN (A-D) »0. 6S9"*3* SIN ( A*B*N) 

6 »1.96763*51* (A-B-N) »ft.95 372»SIN IB) »2 3. «968*4 *3I1 (E ♦ NJ 
HHO- 1i 50 53«*CO5( A-2*B)- 1. 674 17*C0S (A»2*D) ♦ 1. 99Ut»3»COS (A»G) 

1 »2.07579«COS(0) -2.4 55»CCS (A-G) -2- H*067»CQS (A *^-2*D) 

2 -3.83002*CnS(G-2*3) -5. 37fl17»C0S |2*A) »6. 607/i 3*CCS ( 2*A- 2*D) 

3 -51.97 62C*COS(2«D)-6e.62152*COS (A-2*C) - 395. 1 3fi7»CO 5 (ft) ♦ 3b»9. 3 3 7 
PHI-0.0 1122*SIN(A»2*D) ♦0.01410*51* |A-2*D-N) 

1 »0.0 U 1*5X9 (A»2*B-2*D»N) »0.01 424*51 N (A- 2* B) 

2 ♦O.0l5O6«STN(A-2»B-2*C-2«N) -0.0 1567 *SIN (2*B-2*D) 

3 »0.0 2077*SIN(2*B-2*a»2*N)-0.02527*SIN(A»G)-0. 295 2*51 S(A-N) 

4 -0.0 2952*SIN ( A»2*B»*) -0. 3487*SIN (C) »0. 368U*SIN ( A-G) 

5 -O.019ai*5rS(?*D»M) »0. 03*18 1*SIN (2*B-2*D»N) 

6 »0.040 37*SIN(A»2*B-2*D»2*N) #0. 0*221 *SIN (2*A) -0. 04 27J*SIN(G-2*0) 

7 -0.0 5566*514 [2*A-2*D)-0.056$7*SIN (A »C-2»D) -0. 0684 6*SIN (A • 2*B* 2«N) 

8 -0.0fl724*STNtA-2*D-N)-O.O8724*SI* (A »N) -0. 1 1 U6 3*SI N (2»B) 

9 -0. 1fi647«SI4 K.| -0.23*11 7*SIN (A-2*B-2*N) »0. :*J616*SI N (2*0) 
A ♦ 1.071*2*51!« (N) -1.07«*T*SIM(2*B»«)-1.2 8CS£*SIK(A-2*D) 

B -2.47970»SIN(2*D»2*N) »6. 32962*SI 9 (A) 

?1PA-C»APSINfPHI/SO.»TfPnO-TH£TA*THETAJ ) 

HnCL-ARSIN(TH»TA/SGnT(R'!r,)) 

1GHA-A1O0(GiST-nnA»2.0*?I.2.0»PI) 

PrTURN 
C 
c 

. JTHTBT COJfST(NTEAB) 

C COBPOTES A3IRO COK5TANTS ECF JAK CP GI«EN TEAR 

C BDATS - TIHE rPO.1 12 IIR (NOON) , JAN 0, 1900 10 H*, JAN CF NTEAH 

C T ■ SAHE t* JULT»!1 CTNTUBT »S CUHITS Cf 36525 TJAYS) 

CPI-CATAN (1. ODO) •«. ODO 

PT-DPI 

NCATS-(NTEAP-190O)*)65» (NTEAB-1901J /4 
T*(N0AYS-0.5DC) /36525. OOC 

G0-DBOD<-1.5t-4»T*T»35*.. *7591)DO»35999.0u975DO*T,360.0DO) 
AO-nnOO<9. 1920-3*T*T^296. 10460 8D0»477 1 9fl. 8«91 08D0*T , 36 J. ODO) 
CO-DHOD (-1.1 3 3O-3*T*T»2l0. 4341 64CC*U« 1267. 4«) 14200*T, 3b0. 000) 
S0*DHOD<2.078D-3«T*T» 259. 18127 500-19 3«. 1U2CO8D0*T ,360.000) 
O0-0HO0<-1.U3*O-3*T*T»350,7374e6EC»44«267. 1142 1 7 DQ*T, 360, )r>0) 
E0-DHOD<-3.21 1D-3*T*T»1 1. 2 50 889 DO» 49 220 2. 201500*1 1 360. 000) 
E0«CHOD<99. 7 987510» 15999. 37 28 66C0*T, 360. OCO) 
M0"DHO9<3. ID^^T^IUS.Te^OS^DO^SPSI^milDOrcHO.ODO) 

GHST0«DnOD(3.0 30-4»T*T»99.69 09 8 3 3DO»360 00.'»fi8<>2D0»T,360.0D0) 

DG-35999.049 75O0/3C52 5.0D0 

OA-47710H.9u MOHO0/36525.On0 

CC«481267.9ni142D0/36525.OD0 

D-N— 1«>34. lU2009nO/36525.0nO 

DD-4U5267. 11 4217D0/36525 . 000 

nn=4*n20?. 02 51510/36525.000 



\tq >>'';&' 



»ie!iclion ol Crescent'3 Yisibility 8 

TP-3***99. 3729^61)0/36525.000 
CW-5BS19.211911D0/3652 5.CD0 
ncnsi*3600O.769«2D0/36S2$.OD0 

C 

C CO*PUTE C01STANTS OP SUH'S PCTIO PCfc JAI CP tilWll TEAI 

c 

C 1BATS ■ TIHZ P»ri 12 HH (HCON) , JAK 0, 1900 10 HR # JAN 0f HYEAR 

C T ■ SAH* JH JOtlAI CENTyRIES(aiMITS CP 36525 OATS) 

C OBL ■ OBLTQUITY OP SCLIPTIC 

C DG # DC1ST # DE15ID - DAItY 10TI01 (CHANCE) IN 1UH«S AHOIULI, 

C SOVS TEAH LOIGITUD? , SIDEMAt TIKl 

C G*) # 5»1L?NG0 f SIDT!l0 - SU1'S 1EAN A101A1Y, SUH'S 12*1 LONGITODE, 

C SIDER»Al TIHE, ALL AT HR f JAH CP YEAT. IIEAS 

C C1 # C2 = C0EPPICIP1T5 IN PCjUATICI CP CfNT!B 

O3L«C3A0(DOEG (23,27, 8.26D0) -DDEG, (0 , f N6.8H5D0) *T) 

SILNGO = D"10D ( 3. 30- «• T»T»27<>. 6 966 7 8 CO • 1600 0.76892 00*1, 36 0.000) 

crL?ID*DHna«(2«OO.3 «.Sa?O0)/36525.OCO 

1X«DII0UB (6. 39, 3 5.836 00) ♦ D10D (D||QO D (2 «00, 3 , «. 5«2D0) *T,2«.0D0) 

STDTIO-OIODOI^H.ODO) 

C1-DRAD(DCEG(1 # 05, 10. 057D0) -DDEG (0, f 0. 052 00) *T*T- 

1 D>)E3(0,0 # 17.2«)DO)«T) 
C2»DHAD(ODEG(0, 1,12- 33*00) -DDIC |0 f # 0. 36 1 D0| »T) 

C yFtTE(6 # C01STS) 

RET'Jn» 
C 

INTtlT SURSET 

1Afl«:LIJT/5:iST/L0NGH # LTS<JM f NCAY # DAYS # ilCNC f *A f SHCL f SLHA, OTSUH f 
1 STSU1 
C S1H'. » S'JI-3 SRAJ LCM-ITUDE AT TIP.IO, SLCNG « TRUE LONGITU'JL 
C RA * 5UH'J niGIIT ASCrNSTON, SIHCCL ■ $I"I(SUH'£ DECL INATION) 
C SLIIA ■ SJH»5 LOCAL IIOUR AHCLE H!ST 
C LTSnn, STS"J1 f UTSU I ■ LOr,\!, STAIDARD, UIITEP5AI TIfl£ 0F SUHSST 

LONGH-LONG» 12. /PT 

LTSJN-1R.0 

30 10 X"1.2 

r>AYS-»l*»AY» Ci.TSU«»L01CR)/>1.0 

ANOflLY=DnAD(GO»DG*DAYS) 

51L1G-nRAD(S1I!lcn*0CH.5T*r»AYS) 

SL0liG-S«LNG»C1*s:il(ANC1LT) »C2*SI M ( A1C«LT«2) 

RA=ATA12 (COS (ODL) *SI1 (SL01G) f COS ISICHC) ) • 12. 0/P7 

T* (RA.Lt.O.) HA-R:A»2tt.O 

SIMDCL=SI1(0BL) •SIN(SLOMG) 

5*CL-A»SIN(SINDCL) 

CnSllAM-0.01tt5«3*-StNDCL*5IMtAT))/(SC*T(1.0-SIMDCL**2)*COS(LAT)) 
C IP COS(SLMA) >1 # TIIE1 TISS C\HNOT 9JJ IVALUAT!D 

IP (A«S(C05HA).GT. 1.0) HSTUll 

SLHA«ARCCS(COSHA)*12.0/PI 

LT5U1*StHA»RA-DEL5lQ*DlYS-SIDTH0 

ir (LT5U1.LT.'?.) LTSai«LISUI.»2«.0 

IF (LTS0-I.ST.2«.Q) LT5U1»LTS0!l-2«. 
10 COIttlU* 

0T50MLTS0MIC!K.H 

ST5U* = 'JTSUN-L5TDH 
C .RITE(6 f SNST) 

RETUH1 
C 

EITRY CITIL 
CniT»UT*S TTME 0F »1D OP Ct¥IL T.iLICHT (SOI-S ZE1ITH OIST - «b D-G) 
C THIS POnTIHE 11ST 3E CALLED APTEH CALLIIG 5UISET 
C S1LHC f SI0NG # RA # STNDCL,3LHA AS ABCTE (PCI 5UN5IT ABCIE) 
C LTSOt^STCTL^U^CY!. = LOCAL, STAMUAID, UNITIRSA t IIHI or CIYIL THILIGHT 
CnSHA"(-0. 1J«528 5-SIHDCL*S11(LAT))/(SCBT(1.0-SIMDCL**3)*COS(LAT)) 
C IP C0S(SLHA)>1 f T||EI TI1E CAHMCT BE ItAlUATID 

ir (ABS(CO*;hai - -:t. l- J) HETanN 

LTS0H-ARCO3 (COSHA) *l 2. O/PI »lA-DELSIC*CATS-SinT!lO 

Tr (LTSU«r.LT.O.) LT3nH=LT5UN»2«.0 

tr (LTSUN-GT. 2«.0| LT3U H-L1S0I-2H. 

UTCTL-LTSUH»LCHGH 
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3 


4 5 


6 j 7 


8 


9 
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X 
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-'. 
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10 


















42 


1 2 


3 


4 5 6 


7 8 9 


0000 


0043 


0086 


0128 


0170 0212 










4 8 13 


17 21 25 


29 34 38 












0212 


0253 


0294 


0334 


0374 


40 


4 8 12 


1 6 20 24 


28 32 36 


11 


0414 


0453 


0492 


0531 


0569 0607 










3Q 


4 8 12 


16 19 23 


27 31 35 












0607 


0645 


0682 


0719 


0755 


37 


1 7 11 


15 18 22 


26 30 33 


12 


•0792 


0828 


0864 


0899 


0934 0969 










35 


4 7 11 


.14 18 21 


25 28 32 












0969 


1004 


1038 


1072 


1106 


34 


3 7 10 


14 17 20 


24 27 31 


13 


•1139 


1173 


1206 


1239 


1271 1303 










33 


3 7 T0 


13 16 20 


23 26 30 












1303 


1335 


1367 


1399 


1430 


32 


3 6 10 


13 16 19 


22 26 ?9 


14 


1461 


1492 


1523 


1553 


1584 1614 


1644 


1673 


1703 


1732 


30 


3 6 


9 


12 15 18 


21 24 2? 


15 


•1761 


1790 


1818 


1847 


1675 1903 


1931 


1959 


1987 


2014 


28 


3 6 


8 


11 14 17 


20 22 25 


16 


•2041 


2068 


2095 


2122 


2148 2175 


2201 2227 


2253 


2279 


26 


3 5 


8 


10 13 16 


18 21 23 


17 


•2304 


2330 


2355 


2380 


2405 2430 


2455 2480 


2504 


2529 


25 


2 5 


7 


10 12 15 


17 20 22 


18 


-2553 


2577 


2601 


2626 


2648 2672 


269512718 


2742 


2765 


23 


2 5 


7 


9 12 14 


16 19 21 


19 


•2788 


2810 


2833 


2856 


2878 2900 


2923 


2945 


2967 


2989 


22 


2 4 


7 


9 11 13 


1 5 1 8 20 


20 


-3010 


3032 


3054 


3075 


3096 3118 


3139 


3160 


3181 


3201 


21 


2 4 


6 


8 11 13 


15 17 19 


21 


■3222 


3243 


3263 


3284 


3304 3324 


3345 3365 


3385 


3404 


20 


2 4 


6 


8 10 12 


14 16 18 


22 


•3424 


3444 


3464 


3483 


3502 3522 


3541 


3560 


3579 


3598 


19 


2 4 


6 


8 10 11 


13 15 17 


23 


•3617 


3636 


3655 


3674 


3692 3711 


3729 


3747 


3766 


3784 




2 4 


6 


7 9 11 


13 15 17 


24 


•3302 


3820 


3838 


3856 


3874 3B92 


3909 


3927 


3P15 


3962 


1R 


2 4 


5 


7 9 11 


13 14 16 


25 


•3979 


3997 


4014 


4031 


4048 ''065 


4082 


4099 


4116 


4133 


17 


2 3 


5 


7 9 10 


12 14 15 


26 


•4150 


4166 


4183 


4200 


4216 4*32 


4249 


4265 


4281 


4298 




2 3 


5 


6 8 10 


11 13 14 


27 1 -4314 


4330 


4346 


4362 


4378 4393 


4409 4425 


4440 


4456 


16 


2 3 


5 


6 8 9 


11 13 14 


28 -4472 


4487 


4502 


4618 


4533 4548 


4564 


4579 


4594 


4609 


15 


2 3 


5 


6 8 9 


11 12 14 


29 


•4624 


4639 


4654 


4669 


4683 4698 


4713 


4728 


4742 


1757 




1 3 


4 


6 7 9 


10 12 13 


30 


•4771 


4786 


480O 


4814 4829 4843 


4857 


4871 


4886 


4900 


14 


1 3 


4 


6 7 8 


10 11 13 


31 


•4914 


4928 


4942 


4955 '4969 4983 


4997 5011 


5024 


503B 




1 3 


4 


5 7 8 


10 11 12 


32 


•5051 


5065 


5079 


5092 


5105 5119 


513215145 


5159 


5172 




1 3 


'1 


5 7 8 


9 11 12 


33 


•5186 


5198 


5211 


5224 


5237 5250 


5263 5276 


5289 


6302 


U 


1 3 


4 


5 7 8 


9 10 12 


34 


■5315 


5328 


5340 


5353 


5366 5378 


5391 (5403 


5416 


5428 




1 3 


4 


5 6 8 


9 10 11 


35 


•5441 


5453 


5465 


5478 


5490 5502 


5514:5527 


5539 


5551 




1 2 


4 


5 6 7 


a 10 n 


36 


5563 


5575 


5587 


5599 


5611 5623 


5635 5647 


5658 


5670 


12 


1 2 


4 


5 6 7 


8 "10 1 1 


37 


-5682 


5694 


5705 


5717 


5729 5740 


5752 5763 


5775 


57B6 
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5 6 7 


8 9 10 


38 


5798 


5809 


5821 
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5866' 5877 


5888 


5899 
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8 9 10 
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•5911 
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5933 
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5977 j 5988 
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4 6 7 


8 9 10 


40 


■6021 


6031 


6042 


6053 I 6064 6075 


6085*6096 


6107 


6117 
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4 5 6 


7 9 10 


41 


•6126 


6138 


614$ 6160 6170 6180 


6191 


6201 


6212 


6222 




1 2 


3 


4 5 6 


7 8 9 


42 


•6232 


6243 


6253 


6263 


6274 6284 


6294 


6304 


6314 


6325 




1 2 


3 


4 5 6 


7 8 9 


43 


6335 6345 


6355 


6365 


6375 6385 


6395 6405 


6415 


6425 


10 


1 2 


3 


4 5 6 


7 8 9 


44 


■6435 


&444 


6454 


6464 


6474 S484 


6493 


6503 


6513 


6522 




1 2 


3 1 


4 5 6 


7 8 9 


45 


6532 


6542 


6551 


6561 


6CI 6S?o 


6590 


6599 


6609 


6618 




1 2 


3 


4 5 6 


7 8 9 


46 


•6628 


6637 


6646 


6656 


6$(S 6676 


6684 


6693 


6702 


6712 




1 2 


3 


4 5 6 


7 7 8 


47 


•6721 6730 


6739 


6749 


67S£ 6767 


6776 


6785 


6794 


6803 




1 2 


3 1 


4 5 5 


6 7 8 


48 


-681 2 6821 


6830 


6839 6*-'o 68 5 7 


6866 


6875 


6884 


6893 


9 


1 2 


3 


4 5 5 


6 7 8 
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6920 


6928 6937 ^346 
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6972 
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1 2 


3 


4 4 5 


6 7 8 
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7 
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1 










50 
























1 2 3 ; 4 

i 


5 


6 


7 8 9 




•6990 


6998 


7007 


7016 


7024 


7033 


7042 


7050 


7059 


7067 


1 2 3 


3 


4 


5 


6 7 8 




51 


•7076 


7084 


7093 


7101 


7110 


7118 


7126 


7135 


7143 


7152 




1 2 3 


3 


4 


5 


6 7 8 




52 


•7160 


7168 


7177 


7185 


7193 


7202 


7210 


7218 


7226 


7235 




1 2 2 


3 


4 


5 


6 7 7 




53 


•7243 


7251 


7259 


7267 


7275 


7284 


7292 


7300 


7308 


7316 




1 2 2 


3 


4 


5 


6 6 7 




54 


•7324 


7332 


7340 


7348 


7356 


7364 


7372 


7380 


7388 


7396 


8 


1 2 2 


3 


4 


5 


6 6 7 




55 


•7404 


7412 


7419 


7427 


7435 


7443 


7451 


7459 


7466 


7474 




1 2 2 


3 


4 


5 


5 6 7 




56 


•7482 


7490 


7497 


7505 


7513 


7520 


7528 


7536 


7543 


7551 




1 2 2 


3 


4 


5 


5 6 7 




57 


•7559 


7566 


7574 


7582 


7589 


7597 


7604 


7612 


7619 


7627 




1 2 2 


3 


4 


5 


5 6 7 




58 


•7634 


7642 


7649 


7657 


7664 


7672 


7679 


7686 


7694 


7701 




1 2 2 


3 


4 


4 


5 6 7 




59 


•7709 


7716 


7723 


7731 


7738 


7745 


7752 


7760 


7767 


7774 




1 1 2 


3 


4 


4 


5 6 7 




60 


•7782 


7789 


7796 


7803 


7810 


7818 


7825 


7832 


7839 


7846 


7 


1 1 2 


3 


4 


4 


5 6 6 




61 


•7853 


7860 


7868 


7875 


7882 


7889 


7896 


7903 


7910 


7917 




1 1 2 


3 


4 


4 


5 6 6 




62 


■7924 


7931 


7938 


7945 


7952 


7959 


79P6 


7973 


7980 


7987 




1 1 2 


3 


3 


4 


5 6 6 




63 


•7993 


8000 


8007 


8014 


8021 


8028 


8035 


8041 


8048 


8055 




1 1 2 


3 


3 


4 


5 6 6 




64 


•8062 


8069 


8075 


8082 


8089 


8096 


8102 


8109 


8116 


8122 




1 1 2 


3 


3 


4 


5 5 6 




65 


•8129 


8136 


8142 


8149 


8156 


8162 


8169 


8176 


8182 


8189 




1 1 2 


3 


3 


4 


5 5 6 




66 


•8195 


8202 


8209 


8215 


8222 


8228 


8235 


8241 


8248 


8254 




1 1 2 


3 


3 


4 


5 5 6 




67 


•8261 


8267 


8274 


8280 


8287 


8293 


8299 


8306 


8312 


8319 




1 1 2 


3 


3 


4 


4 5 6 




68 


•8325 


8331 


8338 


8344 


8351 


8357 


8363 


8370 


8376 


8382 




1 1 2 


3 


1 


4 


4 5 6 




69 


•8368 


8395 


8401 


8407 


8414 


8420 


8426 


8432 


8439 


8445 




1 1 2 


3 


3 


4 


4 5 6 




70 


•8451 


8457 


8463 


8470 


8476 


8482 


8488 


8494 


8500 


8506 




1 1 2 


2 


3 


4 


4 5 6 




71 


•8513 


8519 


8525 


8531 


8537 


8543 


8549 


8555 


8561 


.8567 


6 


1 1 2 


2 


3 


4 


4 5 5 




72 


•8573 


8579 


8585 


8591 


8597 


8603 


8609 


8615 


8621 


8627 




1 1 2 


2 


3 


4 


4 5 5 




73 


•8633 


8639 


8645 


8651 


8657 


8663 


8669 


8675 


8681 


8686 




1 1 2 


2 


3 


4' 


4 5 5 




74 


-8692 


8698 


8704 


8710 


8716 


8722 


8727 


8733 


8739 


8745 




1 1 2 


2 


3 


4 


4 5 5 




75 


■8751 


8756 


8762 


8768 


8774 


8779 


8785 


8791 


8797 


8802 




1 1 2 


2 


3 


3 


4 5 5 




76 


-8808 


8814 


8820 


6825 


8831 


8837 


8842 


8848 


8854 


8859 




1 1 2 


2 


3 


3 


4 5 5 




77 


-8865 


8871 


8876 


8882 


8887 


8893 


8899 


8904 


8910 


8915 




1 1 2 


2 


3 


3 


4 4 5 




78 


-8921 


8927 


8932 


8938 


8943 


8949 


8954 


8960 


8965 


8971 




1 1 2 


2 


3 


3 


4 4 5 




79 


-8976 


8982 


8987 


8993 


8998 


9004 


9009 


9015 


9020 


9025 




1 1 2 


2 


3 


3 


4 4 5 




80 


•9031 


9036 


9042 


9047 


9053 


9058 


9063 


9069 


9074 


9079 




1 1 2 


2 


3 


3 


4 4 5 




81 


^9085 


9090 


9096 


9101 


9106 


9112 


9117 


9122 


9128 


9133 




112 2 


3 


3 


4 4 5 




82 


-9138 


9143 


9149 


9154 


9159 


9165 


9170 


9175 


9180 


9186 




1 1 2 


2 


3 


3 


4 4 5 




83 


•9191 


9196 


9201 


9206 


9212 


9217 


9222 


9227 


9232 


9238 




112 2 


3 


3 


4 4 5 




84 


-9243 


9248 


9253 


9258 


9263 


9269 


9274 


9279 


9284 


9289 




112 2 


\ 


3 


4 4 5 




85 


•9294 


9299 


9304 


9309 


9315 


9320 


9325 


9330 


9335 


9340 




1 1 2 


2 


'i 


3 


4 4 5 




86 


•9345 


9350 


9355 


9360 


936b 


9370 


9375 


9380 


9385 


9390 


5 


1 1 2 


2 


3 


3 


4 4 5 




87 


•9395 


9400 


9405 


9410 


9415 


9420 


9425 


9430 


9435 


9440 




1 1 


2 


2 


3 


3 4 4 




88 


•9445 


9450 


9455 


9460 


94 65 


9469 


9474 


9479 


9484 


9489 




1 1 


2 


2 


3 


3 4 4 




89 


-9494 


9499 


9504 


9509 


9513 


9518 


9523 


9528 


9533 


9538 




1 1 


2 


2 


3 


3 4 4 




90 


•9542 


3547 


9552 


9557 


9562 


9566 


9571 


9576 


9581 


9586 




1 1 


2 


2 


3 


3 4 4 




91 


•9590 


9595 


9600 


9605 


9609 


9614 


9619 


9624 


9628 


9633 




1 1 


2 


2 


3 


3 4 4 




92 


•9638 


9643 


9647 


9652 


9657 


9661 


9666 


9671 


9675 


9680 




J 1 1 


2 


2 


3 


3 4 4 




93 


•9685 


9689 


9694 


9699 


9703 


9708 


9713 


9717 


9722 


9727 




1 1 


2 


2 


3 


3 4 4 




94 


•9731 


9736 


9741 


9745 


9750 


9754 


9759 


9763 


9768 


9773 




1 1 


2 


? 


3 


3 4 4 




• 
95 


•9777 


9782 


9786 


9791 


9 T ?5 


9800 


9805 


9809 


9814 


9618 




1 1 


2 


2 


3 


3 4 4 




96 


•9823 


9827 


9832 


9836 


9841 


9845 


9850 


9854 


9859 


9863 




1 1 


2 


2 


3 


3 4 4 




97 


•9866 


9872 


9877 


9881 


9886 


9890 


9894 


9899 


9903 


9Q08 




1 1 


2 


2 


3 


3 4 4 




98 


•9912 


9917 


9921 


9926 


9930 


9934 


9939 


9943 


9948 


9952 




0r,1 1 


2 


2 


3 


3 4 4 




99 


•9956 


9961 


9965 


996 


99 74 


99/8 


9983 


9987 


9991 


9996 


4 


3'i 1 


2 


2 


2 


3 3 4 
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ANTILOGARITHMS 
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•00 

-01 

•02 

03 

04 





1 2 3 


4 5 6 


7 


8 


9 


1 

2 


ADO 






1 2 3 


4 


B 


6 


7 


8 9 




1000 
1023 
1047 
1072 
1096 


1002 1005 1007 
1026 I028 1030 
1050 1052 1054 
1074 1075 1079 
1099 1102 1104 


1009 1012 1014 
1033 1035 1038 
1057 1059 1062 
10B1 1084 1086 
1107 1109 1112 


1016 
1040 
1064 
1069 
1114 


1019 
1042 
1067 
1091 
1117 


1021 
1045 
1069 
1094 

1 I 19 


1 
1 
1 
1 
1 1 


1 

1 
1 
1 

1 


1 
l 
l 
i 
i 


1 
1 
1 
1 
2 


1 
2 
2 
2 


2 2 
2 2 
2 2 
2 2 
2 2 




05 

06 

07 

08 

•09 


1122 
1148 
11 7S 
1202 
1230 


1125 1127 1130 
1151 1153 1156 
1178 1180 1183 
1205 1208 1211 
I233 1236 1239 


1132 1135 1138 
1159 1161 .164 
1186 1189 1191 
'»213 1216 1219 
1242 1245 1247 


1140 
1167 
1194 

• 222 
1250 


1143 
1169 

n°7 
1225 
1253 


1146 
1172 
1199 
1227 
1256 




1 1 
1 1 

n 1 1 

1 1 
1 1 


T 
1 

1 

1 
1 


1 
1 
1 
1 
I 


2 
2 
2 
2 
2 


2 
2 
2 
2 


2 2 
2 2 
2 2 
2 3 
2 3 




■10 
-11 

13 
13 
14 


1250 

1288 
1318 
1349 
1300 


1262 1265 1268 
1291 1294 1297 
1321 1324 1327 
1352 1355 1358 
1384 1387 1390 


1271 1274 1276 
1300 1303 1306 
1330 1334 1337 
1361 1365 1368 
1393 1396 1400 


1279 
1309 
1340 
1371 
1403 


1282 
1312 
1343 
1374 
1406 


1285 
1315 
1346 
1377 
'409 


3 


1 1 
1 1 
1 1 
1 1 
1 1 


1 

1 
1 
1 
1 


1 
2 
2 
2 
2 


2 
2 
2 
2 
2 


2 

2 
2 
2 
2 


2 3 
2 3 

2 3 

3 3 
3 3 




•15 

•1t 

17 

■18 
•19 


1413 
14.45 
1479 
1514 
1549 


1416 1419 1422" 
1449 1452 14 55 
1483 1486 1489 
161 7 1S2i 1524 
15S2 1556 1560 


1426 1429 1432 
1469 1462 1466 
1493 1496 1500 
1528 1531 1535 
1563 1567 1570 


1435 
1469 
1503 
1538 
1574 


1439 
14 72 
1507 
1542 
1578 


1442 
1476 

1510 

1581 




1 1 
1 1 

1 1 
1 1 
1 1 


1 

1 
1 
1 

1 


2 

2 
2 
2 

2 


2 
2 
2 

2 
2 


2 
2 
2 
2 
3 


3 3 
3 3 
3 3 
3 3 
3 3 




20 
•21 
•22 

23 
•24 


1586 

1622 
1660 
1698 
1738 


1589 1692 1595 
1626 1629 1633 
1663 1667 1671 
1702 1706 1710 
1742 1746 1750 


1600 1603 1607 
1637 1641 1644 
1575 1679 1683 
1714 1718 1722 
1754 ',758 1762 


1611 
1648 
1687 
1726 
1766 


1614 
1652 
1690 
1730 
1770 


1618 
1656 
1694 
1734 
1774 


4 


1 1 
1 1 
1 1 
1 1 
1 1 


1 

2 

2 
2 
2 


2 

2 

2 
2 

2 


2 
2 
2 

2 

2 


3 
3 
3 

3 
3 


3 3 
3 3 

2 3 

3 » 
3 4 




•25 

28 
■27 
•28 

29 
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Log Sine o( Angle* near 90° and Log Cojtne ol Small Anjles 

[Commued on pogt 8 

Sin 8S°0' 85°9* 85°19' 85°29' 85°39' 85°49' 86°1' 86°12' 86°24' 86°38' 

Lo£ 1-9984 T-9985 T-9986 T -9987 T-9988 1-9989 T-9990 T 9991 T-9992 

Cos 5°0' 4°51' 4°41* 4*31 * 4°21' 4°1V 3°59* 3°48' 3°36' 3°22* 

For tabulated angles read thc log to the left; e.g.. log sm 85°49' or log cos 4°11 ' T-9988 
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Lo| Sin» of An|lei nur 90° md Loj Coiine of Smjll Anglei 
Contmutd from poge 7] 

Sin 66 38_* 86°5T 87<>7' 87°23; 87°42" 38°3* 88°29' 89°7' 90«0' 

Lo| 1-9993 1-9994 1-9995 1-9996 1-9997 1 9998 1-9999 00000 

Cos 3°22' 3°9' 2<>53' 2°37' 2°18* 1°S7' 1°31' 0°53' 0°0' 

rbr ubulited angles re»d the log to the left; e.f.. lo| sin 87°4?' or log cos 2°1 8' - 7-9996 
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The values in the centre columns represent the 
sine» for all anglei lying between the successive 

ranges shown in ihe outer columns. Thus 
stn 87° 20' is 0-9989. For inverse use, the best 
angle for a given sme is the one lyinj midway 
between the adjacem ranges; if the difference 
is odd, choose the angle nearer 90°. Thus if 
sin x - 9988, x = 870 12*. 

For cabulated angles read the sine value In the 
halMinc abovc; e.g., sin 87° 38' = 0*9981 , 
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2456 


264-4 


2865 


3125 


343 8 


10 


• 950 


343*8 


382*0 429-7 491 1.5730 687-5 


859-4 

i 


1146 


1719 


3438 


a 


OOO 

X 


10011 
* 1214 
0*0811 




10' 


•' 8' T 


6' 5* 


4' 


3' 


2' 


V 


0* 



NATURAL COSECANTS. 0° to 8° 
(Read up and from nght to left) 



r-4 



*U>UV 



WWcr 



24 



6£> Y 
NATURAL SECANTS 



^l^M 



X 

0° 

1 
2 
3 

4 


0' 
0°-0 


8' 12' 18' 
0°-i 0° 2 0°-3 


24* 30" 36* 
o. 4 o. 5 o. 6 


42* 48' 54' 
0°-7 0° 8 0°-9 


J 
1 


ADD 


1 


2 


3' 4* 5" 


1 -0000 
-0002 
•0OC6 
-0014 
-0024 


0000 0000 0000 
0002 0002 OC03 
0007 0007 0008 
0015 0016 001 7 
0026 0027 0028 


0000 0000 0001 
0003 0003 0004 
0009 0010 0010 
0018 0019 0020 
0030 0031 0032 


0001 0001 0001 

' 0004 0005 0006 
0011 0012 0013 
0021 0O22 0023 
0034 0035 0037 


See imall Table 
p. 23. top rtght. 

11 
111 


5 
6 

7 
8 

9 


"•■0038 
•0055 
0075 
0098 
•0125 


0040 0041 O043 
0057 0059 0C61 

0077 0079 0082 

i 0101 0103 0106 

0127 0130 0133 


0045 0046 0048 
0063 0065 0067 
0084 0086 0089 
0108 0111 0114 
0136 0139 0142 


0050 0051 0053 
0069 0071 0073 
0091 0093 0096 
0116 0119 0122 
0145 0148 0151 


2 
3 










1 

1 

1 
1 

1 


1 1 1 
1 1 2 
1 2 2 
1 2 2 

1 2 2 


10 
11 
12 
13 
14 


10154 
•0187 
0223 
0263 
•0306 


0157 0161 0164 
0191 0194 0198 
0227 0231 0235 
0267 0271 0276 
0311 0315 0320 


0167 0170 0174 
0201 0205 0209 
0239 0243 0247 
0280 0284 0288 
0324 0329 0334 


0177 0180 0184 
0212 0216 0220 
0251 025S 0259 
0293 0297 0302 
0338 0343 0348 


4 


1 
1 
1 
1 
1 


1 
1 
1 
1 
2 


2 2 3 
2 2 3 
2 3 3 
2 3 4 
2 3 4 


15 
16 
17 
18 
10 


1-0353 
•0403 
■0457 
0515 
0576 


0358 0363 0367 
0408 0413 0419 
0463 0468 '--'74 
0521 0527 0513 
0583 0589 0595 


0372 0377 0382 
0424 0429 0435 
0480 0485 0491 
0539 0545 0551 
0602 0608 0615 


0388 0393 0398 
0440 0446 0451 
0497 0503 0509 
0557 0564 0570 
0622 0628 0635 


5 


1 
1 
1 

1 


2 
2 
2 

2 
2 


2 3 4 

3 4 4 
3 4 6 
3 4 6 
3 4 6 


20 
21 
22 
23 

24 


10642 
0711 
0785 

•0S64 
-0946 


0649 0655 0662 
0719 0726 0733 
0793 0801 0808 
0872 0680 0888 
0955 0963 0972 


0669 0676 0683 
0740 0748 0755 
0816 0824 0832 
0896 0904 0913 
0981 0989 0998 


0690 0697 0704 
0763 0770 0778 
0840 0848 0856 
0921 0929 0938 
1007 1016 1025 


7 

8 


1 
1 
1 
1 
1 


2 

2 

3 

3 
3 


3 5 6 

4 5 6 
4 5 7 
4 6 7 
4 6 7 


25 
28 
27 
98 
29 


1-1034 
•1126 
■1223 
•1326 
•1434 


1043 1052 1061 
1136 1145 1155 
1233 1243 1253 
1336 1347 1357 
1445 1456 1467 


1070 1079 1089 
1164 1174 1184 
1264 1274 1284 
1368 1379 1390 
1478 1490 1501 


1098 1107 1117 
1194 1203 1213 
1294 1305 1315 
1401 1412 1423 
1512 1524 1535 


9 
10 

11 


2 
2 
2 

2 
2 


3 
3 

3 

4 
4 


6 6 8 
6 6 8 
6 7 6 

5 7 9 

6 7 9 


30 
31 
32 
33 
34 


1-1547 

•1666 
•1792 
•1924 
•2062 


1559 1570 15B2 
1679 1691 1703 
1805 1818 1831 
T937 1951 1964 
2076 2091 2105 


1594 1606 1618 
1716 1728 1741 
1844 1857 1870 
1978 1992 200G 
2120 2134 2149 


1630 1642 1654 
1753 »766 1779 
1883 1897 1910 
2020 2034 2048 
2163 2178 2193 


12 

13 

14 


2 
2 
2 

2 
2 


4 
4 
4 

5 
5 


6 8 10 

6 8 10 

7 9 11 
7 9 12 
7 10 12 


35 
36 
37 
38 
39 


1 -2208 
•2361 
■2521 
-2690 
■2868 


2223 2238 2253 
2376 2392 2408 
2538 2554 2571 
2708 2725 2742 
288G 290-3 2923 


22G8 2283 2299 
2424 2440 2456 
2588 2605 2622 
2760 2778 2796 
2941 2960 2978 


2314 2329 2345 
24 72 24 89 2505 
2639 2656 2673 
2813 2831 2849 
2997 3016 3035 


15 
16 
17 
18 
19 


3 
3 
3 
3 

3 


5 

6 
6 
6 


8 10 13 
8 11 13 

8 11 14 

9 12 15 
9 13 16 


10 
41 

42 
■l.i 
4 1 


1-3054 
•3250 
•345G 
3673 
•3902 


3074 3093 3T2 
3270 3291 3311 
3478 3499 3520 
3696 3718 3741 
392a 3949 3972 


3131 3151 3171 
3331 3352 3373 

3542 3563 3585 
3763 3786 3809 
3996 4020 4044 


3190 32 10 3230 
3393 3414 3435 
360/ 3629 3651 
3832 3855 3876 
4069 4093 4118 


20 
21 
22 
23 

24 


3 
3 
4 
4 

4 


7 
7 
7 
8 
8 


10 13 17 

10 14 17 

11 15 18 

11 15 19 

12 16 20 


4:i 
411 
«1. 

4fl 


1 414? 
■439C 

■1063 

•4945 

1 -5243 

1 


4107 4192 »217 
4422 4448 4474 
4690 4718 4746 
497-1 5003 5032 
5273 5304 5335 


4242 4267 4293 
4501 4527 4554 
4774 4802 4830 
5052 5092 5121 
5366 5398 5429 


431R 4344 4370 
4581 1608 4635 
4859 4B87 4916 
5151 f >182 5212 
5461 '.103 5520 


25 
27 
38 
30 
31 


4 

4 
5 
5 
5 


8 

9 
9 

1) 



13 17 21 
13 18 22 
1 J 19 23 
\-3 2t 25 
16 21 26 



!"' 



*\t**t&ji 






r J>o>0)i&*\ 



NATURAL SECANTS 



^yu^i^i 



25 



























ADD 


X 

60° 


0" 

0°0 


6' 

0°-1 


12' 
0° 2 


18' 
0°-3 


24' 
0° 4 


30 ; 

0°-5 


35' 
0°-6 


42' 
0° 7 


48' 
0°-8 


54' 
rt -9 


J 
3 




1' 2' 3' 4' 5' 


1-556 


559 


562 


566 


S69 


572 


576 


579 


582 


586 


112 2 3 


51 


•589 


592 


596 


599 


603 


606 


610 


613 


617 


621 




112 2 3 


52 


•624 


628 


632 


635 


639 


643 


646 


650 


654 


658 




112 3 3 


53 


662 


666 


669 


673 


677 


681 


6B5 


689 


693 


697 




112 3 3 


54 


•701 


705 


710 


714 


718 


722 


726 


731 


735 


739 


4 


112 3 3 


55 


1-743 


748 


752 


757 


761 


766 


770 


775 


779 


784 




12 2 3 3 


58 


-788 


793 


798 


802 


807 


812 


817 


821 


826 


831 




12 2 3 4 


ST 


•836 


841 


8i6 


851 


856 


661 


866 


871 


877 


882 


5 


12 3 3 4 


51 


-887 


892 


898 


903 


908 


914 


919 


925 


930 


936 




12 3 4 5 


44 


•»42 


947 


953 


959 


964 


970 


976 


982 


988 


1-994 


6 


12 3 4 5 


•0 


2000 


006 


012 


018 


025 


031 


037 


043 


050 


056 




12 3 4 5 


41 


•053 


069 


076 


062 


089 


096 


103 


109 


116 


123 




1 2 3 4 6 


52 


•180 


137 


144 


151 


158 


166 


173 


180 


188 


195 


7 


1 2 4 5 5 


•s 


■203 


210 


218 


226 


233 


241 


249 


257 


265 


273 


8 


13 4 5 7 


•4 


-M1 


259 


298 


306 


314 


323 


331 


340 


349 


367 




13 4 6 7 


•• 


2-364 


876 


364 


393 


402 


411 


421 


430 


439 


449 


9 


2 3 5 6 8 


M 


-454 


456 


478 


488 


498 


508 


518 


528 


538 


549 


10 


2 3 5 7 8 


•7 


•565 


570 


681 


691 


602 


613 


624 


635 


647 


658 


11 


2 4 6 7 9 


44 


•569 


551 


693 


705 


716 


729 


741 


753 


765 


778 


12 


2 4 6 8 10 


44 


•790 


•08 


815 


529 


842 


855 


869 


882 


896 


910 


13 


2 4 7 9 11 


70 


2-524 


939 


952 


967 


951 


2-996 


3011 


3-026 


3041 


3056 


15 


2 5 7 10 12 


71 


8-072 


0S7 


101 


119 


115 


3-152 


168 


185 


202 


219 


16 


3 6 8 1113 


11 


-m 


254 


t71 


289 


307 


326 










18 


3 6 9 12 15 














326 


344 


363 


382 


401 


19 


3 6 9 13 16 


71 


-414 


440 


450 


480 


500 


521 










20 


3 7 10 13 17 














521 


542 


563 


584 


606 


21 


4 7 11 14 18 


74 


•424 


650 


473 


«95 


719 


742 










23 


4 8 1115 19 














742 


766 


790 


814 


839 


24 


4 8 12 16 20 


?4 


8-554 


854 


918 


441 


967 


3994 










26 


4 9 13 17 22 














3-994 


4-021 


4-049 


4077 


4-105 


28 


5 9 14 19 23 


74 


4*184 


143 


192 


222 


253 


4 284 










30 


5 1015 20 25 














284 


315 


347 


379 


412 


32 


5 11 16 21 27 


77 


4-445 


479 


514 


549 


584 


4-620 










36 


6 12 1823 29 














620 


657 


694 


732 


771 


38 


6 13 19 25 32 


Tl 


4-510 


650 


•90 


931 


4-973 


5016 










41 


7 14 21 27 34 














5016 


059 


103 


148 


194 


45 


8 15 22 30 38 


74 


1241 


258 


387 


386 


436 


487 










49 


8 16 25 33 41 














487 


540 


593 


647 


702 


54 


9 18 27 36 45 


•4 


57*9 


5-816 


6875 


6-935 


5-996 


6059 










60 


10 20 30 40 50 














6-059 


6-123 


6-188 


6-255 


6*323 


67 


11 22 33 45 56 


41 


6392 


6464 


6-537 


6-611 


6-687 


6-765 










75 


12 25 37 50 62 














6-765 


6845 


6-927 


7-011 


7097 


84 


14 28 42 56 70 


M 


7-185 


7-276 


7-368 


7-463 


7-561 


7-661 


7-764 


7-870 


7-979 


8-091 






• 5 


6206 


8-324 


8-446 


8-571 


8-700 


8-834 


8-971 


9-113 


9259 


9-411 






54 


9-587 


9-728 


9-895 


10-07 


10-25 


10-43 


10-63 


10-83 


11 03 


11-25 




DiKerencei viry 


• 5 


11-47 


11-71 


11-95 


1220 


12-47 


12-75 


13 03 


13-34 


13-65 


13-99 




too rapidly for 


• • 


14-34 


14-70 


15-09 


15-50 


15-93 


16-38 


16-86 


17-37 


17-91 


18-49 




«nterpolation by 


•7 


19-11 


19-77 


20-47 


21-23 


2204 


22-93 


23-88 


24-92 


26-05 


27-29 




P.P.s. See Table 


M 


28-65 


30-16 


31-84 


33-71 


35-81 


38-20 


40-93 


44-08 


47«75 


52-09 




on p a gc 23. 


59 


57-30 


63-66 


71-62 


81-85 


95-49 


114 6 


143-2 


1910 


286-5 


5730 






50 


00 

























f.f.% foi drrtcrc-ncos cnrccdiMg 16, if noi shown on this pagc. should bc taken fiom the inside end 
co*er of tht! bv.o* \m -mglos bctwccn 72° and 82° P P.s based oi\ actual diHercnces should be uicd 



K«- 



u»»&i 



%?JJ£l>lcr>, 



24 



NATUR.AL COSECANTS 



-Ji-"J^-L 



0° 


0' 
0° 


6' 

0° 1 


1' ' 
C°-2 


18 
0°-3 


24 

0° 4 


30' 

0° 5 


36' 

0°-6 


42 

0°-7 


48 

U -B 


54" 

0°"9 


J 


1 ™i 

SUBTRACT 


: 


T 2' 3 V 5' 




OD 


573-0 


286-5 


191 


143-2 


114-6 


95 49 


81 85 


71-62 


63 66 


r^t it 




1 


57-30 


5209 


47-75 


44 08 


4093 


3820 


3581 


33 ;' 


31-84 


30 16 




Dinc-^rcc. vaiy 




2 


28-65 


27 29 


2605 


24-92 


23 88 


22-93 


2204 


21 23 


20 47 


VI 7 7 




too Mpidt* lor 




3 


19 11 


18-49 


17-91 


17-37 


16-86 


16-38 


15-93 


15-50 


15-09 


14 70 




interpolation by 




4 


14 34 


1399 


13 65 


13-34 


1303 


t2-75 


12-47 


12-20 


11 96 


11 71 




PPi Sce Tab!e 




• 
























O" page 2 3 




S 


11-47 


11-25 


11 03 


1083 


10-63 


10-43 


10-25 


10-07 


9-895 


9-728 








6 


9-567 


9-411 


9-259 


9-113 


8 971 


8834 


8 700 


8-571 


8-446 


B-324 








7 


8 206 


8091 


7-979 


7-870 


7-764 


7661 


7-561 


7-463 


7-368 


7276 








8 


7-185 


7097 


7011 


6-927 


6-845 


6-765 










84 


14 28 42 56 70 
















6-765 


6-68? 


6-611 


6-537 


6-464 


75 


12 25 37 50 62 




9 


6392 


6-323 


6-255 


6-188 


6-123 


6059 










67 


11 22 33 45 56 
















6059 


5-996 


5-935 


5-875 


5-816 


60 


10 20 30 40 50 




10 


5759 


702 


647 


593 


540 


487 










54 


9 18 27 36 45 
















487 


436 


386 


337 


288 


49 


8 16 25 33 41 




11 


5-241 


194 


148 


103 


059 


5016 










45 


8 15 22 30 38 
















5016 


4-973 


4931 


4-890 


4 650 


41 


7 14 21 27 34 




12 


4 810 


771 


732 


694 


657 


4-620 










38 


6 13 19 25 32 
















620 


564 


549 


514 


479 


35 


6 12 18 23 29 




13 


4-445 


412 


379 


347 


315 


284 










32 


5 11 16 21 27 
















284 


253 


222 


192 


163 


30 


5 1 1 5 20 25 




14 


4-T34 


105 


077 


049 


4-021 


3-994 










28 


5 n 14 19 23 
















3-994 


967 


941 


915 


889 


26 


4 9 1 3 1 7 22 




15 


3864 


839 


814 


790 


766 


742 










24 


4 8 1 2 1 6 20 
















742 


719 


695 


673 


650 


23 


4 8 1115 19 




16 


628 


606 


564 


563 


542 


521 










21 


4 7 1114 18 
















521 


500 


480 


460 


440 


20 


3 7 10 13 17 




17 


-420 


401 


382 


363 


344 


326 










19 


3 6 9 13 16 
















326 


307 


289 


271 


254 


18 


3 6 9 12 15 




18 


236 


219 


202 


185 


168 


152 


135 


119 


103 


087 


16 


3 5 8 1113 




19 


3072 


056 


041 


026 


3011 


2-996 


2-981 


2-967 


2-952 


2938 


15 


2 5 7 10 12 




20 


2 924 


910 


896 


862 


869 


855 


842 


829 


816 


803 


13 


2 4 7 9 11 




21 


•790 


778 


765 


7S3 


741 


729 


716 


705 


693 


681 


12 


2 4 6 8 10 




22 


-669 


658 


647 


635 


624 


613 


602 


591 


981 


570 


11 


2 4 5 7 9 




23 


■559 


549 


538 


528 


518 


508 


498 


488 


478 


468 


10 


2 3 5 7 8 




24 


-459 


449 


439 


430 


421 


411 


402 


393 


384 


375 


9 


2 3 5 6 8 




25 


2-366 


357 


349 


340 


331 


323 


314 


306 


298 


289 




13 4 6 7 




26 


•281 


273 


265 


257 


249 


241 


233 


226 


218 


210 


8 


13 4 5 7 




27 


•203 


195 


188 


180 


173 


166 


158 


151 


144 


137 


7 


12 4 5 6 




28 


•130 


123 


1 16 


109 


103 


096 


089 


082 


076 


069 




12 3 4 6 




29 


•063 


056 


050 


043 


037 


031 


025 


018 


012 


006 




12 3 4 5 




30 


2 000 


1-994 


1 988 


1 982 


1-976 


1-970 


1-964 


1-959 


1 953 


1-947 


6 


12 3 4 5 




31 


1-942 


936 


930 


925 


919 


914 


908 


003 


898 


892 




12 3 4 5 




32 


887 


882 


877 


871 


866 


861 


856 


851 


846 


841 


5 


12 3 3 4 




33 


•836 


831 


826 


821 


817 


812 


807 


802 


798 


793 




12 2 3 4 




3*1 


•788 


784 


779 


775 


770 


766 


761 


757 


752 


748 




12 2 3 3 




35 


1-743 


739 


735 


- 731 


726 


722 


718 


714 


710 


705 


4 


112 3 3 




36 


701 


69 7 


693 


689 


685 


681 


677 


673 


669 


666 




112 3 3 




37 


•662 


658 


654 


650 


646 


643 


639 


635 


632 


628 




112 3 3 




3a 


624 


621 


617 


613 


610 


606 


603 


599 


596 


592 




1 ) 2 2 3 




39 


1 589 


566 


562 


579 


575 


572 


569 

> 


566 


562 


559 


3 


112 2 3 





P.P.s for diHcrences excccdmg 16, if not shown on this pagc. \hould be ukcn Irom ihc nmdc cnd 
cower ol tho book. For ingles,bctwccn 8° and 18° P.Pa baicd on .ictual dirferoncc*s thoi-U u. uwd 



rir 



^yttjkA 



EK^I»V 



NATURAL COSECANTS 



•^yu>/_.i 



27 



X 

40° 


0' 
0° 


6 
0°-1 


12 

,J -2 


18* 

0°-3 


24' 
0° 4 


30" 
0°-5 


36' 

0° 6 


42' 
0°-7 


48' 
0° 8 


54' 
0°-9 


J 
31 


SUBTRACT 




r 


2' 


3' r- 5* 




1-5557 


5525 


5493 


5461 


5429 


5398 


5366 


5335 


5304 


5273 


5 10 16 21 26 




41 


-5243 


5212 


5182 


5151 


5121 


5092 


5062 


5032 


S0O3 


4974 


30 


5 10 15 20 25 




42 


•4945 


4916 


4887 


4859 


4830 


4802 


4774 


4746 


4718 


4690 


28 


5 


9 


: 4 19 23 




43 


■4663 


4635 


4608 


4581 


4554 


4527 


4501 


4474 


4448 


4422 


27 


4 


9 1 3 1 8 22 




44 


-4396 


4370 


4344 


4318 


4293 


4267 


4242 


4217 


4192 


4167 


25 


4 


8 13 17 21 




45 


1-4142 


4118 


4093 


4069 


4044 


4020 


3996 


3972 


3949 


3925 


24 


4 


8 12 16 20 




4« 


-3902 


3878 


38t>6 


2832 


3809 


3786 


3763 


3741 


3718 


3696 


23 


4 


8 11 15 19 




47 


-3673 


3651 


3629 


3607 


3585 


3563 


3542 


3520 


3499 


3478 


22 


4 


7 11 16 18 




46 


-3456 


3435 


3414 


3393 


3373 


3352 


3331 


3311 


3291 


3270 


21 


3 


7 10 14 17 




49 


-3250 


3230 


3210 


3190 


3171 


3151 


3131 


3112 


3093 


3073 


20 


3 


7 


10 13 17 




50 


1 -3054 


3035 


3016 


2997 


2978 


2960 


2941 


2923 


2904 


2886 


19 


3 


6 


9 13 16 




51 


-2868 


284$ 


2*31 


2813 


2796 


2778 


2760 


2742 


2725 


2708 


18 


3 


6 


9 12 15 




52 


-2650 


2673 


2^6 


2639 


2622 


2605 


2588 


2571 


2554 


2538 


17 


3 


6 


811 14 




53 


-2521 


2505 


2489 


2472 


2456 


2440 


2424 


2408 


2392 


2376 


16 


3 


6 


8 11 13 




54 


2361 


2345 


2329 


2314 


2299 


2283 


2268 


2253 


2236 


2223 


15 


3 


5 


8 10 13 




55 


1-2208 


2193 


2178 


2163 


2149 


2134 


2120 


2105 


2091 


2076 




2 


5 


7 10 12 




5« 


-2062 


2048 


2034 


2020 


2006 


1992 


1978 


1964 


1951 


1937 


14 


2 


5 


7 9 12 




67 


-1924 


1910 


1897 


1883 


1870 


1857 


1844 


1831 


1818 


1805 


13 


2 


4 


7 9 11 




5t 


•1792 l 


1779 


1766 


1753 


1741 


1728 


1716 


1703 


1691 


1679 




2 


4 


6 8 10 




6« 


-1566 | 


1654 


1642 


1630 


1618 


1606 


1594 


1582 


1570 


1559 


12 


2 


4 


6 8 10 




•0 


1-1547 , 


1535 


1524 


1512 


1501 


1490 


1478 


1467 


1456 


1445 


11 


2 


4 


6 7 9 




• 1 


-1434 


1423 


1412 


1401 


1390 


1379 


1368 


1357 


1347 


1336 




2 


4 


5 7 9 




• 2 


•1326 


1315 


1305 


1294 


1284 


1274 


1264 


1253 


1243 


1233 


10 


2 


3 


5 7 8 




• 3 


-1223 


1213 


1203 


1194 


1184 


1174 


1164 


1155 


1145 


1136 




2 


3 


5 6 8 




•4 


•1126 


1117 


1107 


1098 


1089 


1079 


1070 


1061 


1052 


1043 


9 


2 


3 


5 6 8 




• 5 


1-1034 


1025 


1016 


1007 


0998 


0089 


0981 


0972 


0963 


0955 




1 


3 


4 6 7 




46 


•0946 


0938 


0929 


0921 


0913 


O904 


0896 


0B88 


0880 


0872 


8 


1 


3 


4 5 7 




67 


•0864 


0856 


0848 


0840 


0832 


0824 


0816 


08O8 


0801 


0793 




1 


3 


4 5 7 




66 


•0785 


0778 


0770 


0763 


0755 


0748 


0740 


0733 


0726 


0719 


7 


1 


2 


4 5 6 




66 


•0711 


0704 


0697 


0690 


0683 


0676 


0669 


0662 


0655 


0649 




1 


2 


3 5 6 




70 


1-0642 


0635 


0628 


0622 


0615 


0608 


0602 


0595 


0589 


0583 




1 


2 


3 4 6 




71 


■0576 


0570 


0564 


0557 


0551 


0545 


0539 


0533 


0527 


0521 


6 


1 


2 


3 4 5 




72 


0515 


0509 


0503 


0497 


0491 


0485 


0480 


0474 


0468 


0463 




1 


I 


3 4 5 




73 


•0457 


0451 


0446 


0440 


0435 


0429 


0424 


0419 


0413 


0408 




1 


2 


3 4 4 




74 


-0403 


0398 


0393 


0368 


0382 


0377 


0372 


0367 


0363 


0358 


5 


1 


2 


2 3 4 




75 


10353 


0348 


0343 


0338 


0334 


0329 


0324 


0320 


0315 


0311 




1 


2 


2 3 4 




76 


■0306 


0302 


0297 


0293 


0288 


0284 


0280 


0276 


0271 


0267 




1 


1 


2 3 4 




77 


•0263 


0259 


0255 


0251 


0247 


0243 


0239 


0235 


0231 


0227 


4 


1 


1 


2 3 3 




78 


■0223 


0220 


0216 


0212 


0209 


0205 


0201 


0198 


0194 


0191 




1 


i 


2 2 3 




79 


•0187 


0184 


0180 


0177 


0174 


0170 


0167 


0164 


0161 


0157 




1 


i 


2 2 3 




80 


1-0154 


0151 


0148 


0145 


0142 


0139 


0136 


0133 


0130 


0127 


3 





1 


1 2 2 




81 


■0125 


0122 


0119 


0116 


0114 


0111 


0108 


0106 


0103 


0101 







1 


1 2 2 




82 


•0098 


0096 


0093 


0091 


0089 


0086 


0084 


0082 


0079 


0077 







1 


1 2 2 




83 


0075 


0073 


0071 


0069 


0067 


0065 


0063 


0061 


0059 


0057 


2 





1 


1 1 2 




84 


-0055 


0053 


0051 


0050 


0048 


0046 


0045 


0043 


0041 


0040 







1 


1 1 1 




85 


1-0038 


0037 


0035 


0034 


0032 


0031 


0030 


0028 


0027 


0026 










1 1 1 




86 


-0024 


0023 


0022 


0021 


0020 


0019 


0018 


0017 


0016 


0015 


1 








1 1 




87 


•0014 


0013 


0012 


0011 


0010 


0010 


0009 


0008 


0007 


0007 












88 


-0006 


0006 


0O05 


0004 


0004 


0003 


0003 


0003 


0002 


0002 




See small Table 
p. 23, top righc. 
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